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PREFACE 


This  volume  is  based  upon  the  lectiares  given  as  the  second 
of  three  parts  of  a  course  occupying  one  year  of  a  full  training 
in  economic  entomology.  To  compile  in  book  form  a  complete 
entomology,  apart  from  description  of  species,  would  occupy 
many  years  and  fill  many  volumes.  In  lecturing  one's  attempt 
is  to  pick  out  what  the  student  can  knoTs^ — essentials,  and  not 
detibils,  are  the  requisite — and-  this  volume  attempts  to  select 
the  usual  ordinary  facts  about  each  group,  which  the  student 
requires.  The  unusual,  the  ''romantic,"  is  cut  out;  there  is 
no  romance  of  nature,  but  the  solid  sober  facts  of  the  habits 
and  life-histories,  so  far  as  we  know  them,  of  the  usual  insects. 
While  admiring  the  romance  "  of  the  insect  that  really  does 
extraordinary  things,  it  is  not  the  basis  required  by  the  student 
of  economic  entomology,  who  wiU  presently  be  dealing  with 
an  outbreak  of  a  pest  that  affects  the  welfare  or  lives  of  many 
people. 

I  have  tried  to  adhere  to  a  sequence  of  subject-ideas  :  name, 
popular  name,  diagnosis,  geographical  distribution,  appearance 
and  recognition  in  the  field,  external  structure,  sex  recognition, 
internal  structure,  life  history,  habitat,,  food,  literature, 
authorities,  economic  importance.  For  the  student  of  econo- 
mic entomology,  some  of  these  headings  are  important ;  he 
wants  to  know  how  to  recognize  his  live  insect  in  the  field ; 
he  wants  to  be  able  to  recognize  sex ;  if  he  catches  any  insect, 
or  has  one  sent  in  to  him,  he  wants  to  be  able  immediately  to 
know  what  are  its  likely  habits ;  he  wants  a  reference  to  a 
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catalogue  or  monograph  giving  him  all  the  literature  to  a  date. 
So  I  have  dealt  lightly  with  structm'e  and  morphology,  more 
fully  with  habits  and  checks,  and  given  a  reference  to  the 
latest  catalogue  or  monograph. 

I  assume  every  student  or  worker  can  use  the  Zoological 
Record,  Genera  Insectorum,  and  the  Review  of  Applied 
Entomology.  In  view  of  this,  references  are  given  as  "  Smith 
1920  "  and  so  on ;  anyone  can  look  these  up. 

Two  points  are  of  importance  :  firstly,  no  student  of  economic 
entomology  can  devote  much  time  to  absolute  morphological 
accuracy — it  matters  more  to  him  how  mouth-parts  function 
than  what  is  the  correct  name  of  each  part ;  and  secondly,  the 
last  word  in  nomenclature  is  really  unimportant.  Of  course, 
if  one  species  attacking  a  variety  of  food  plants  can  be  readily 
proved  to  be  several  distinct  ones,  that  is  genuine  non-inter- 
breeding species,  that  is  of  great  importance.  If  you  have  a 
supposedly  single  species  that  feeds  on  maize,  cane  and  rice, 
and  which  is  really  a  different  species  feeding  on  each  type  of 
plant,  it  is  of  no  use  as  a  remedy  to  use  maize  as  a  trap  plant 
for  the  cane  species.  But,  in  our  times,  the  limit  of  species 
has  been  enormously  overdone :  the  fact  that  vein  7  comes 
off  from  vein  6  before,  at,  or  beyond  the  junction  of  vein 
5,  is  a  hopeless  criterion  if,  on  it,  you  are  to  base  large 
economic  measures.  So  we  have  to  tone  down,  as  far  as 
we  can,  in  economic  practice,  the  minute  criteria  of  the 
systematist. 

Lastly,  I  caimot  hope  to  deal  with  the  changes  in  nomen- 
clature and  do  not  attempt  to;  our  old  friend  Heliothis 
armigera  is  to  some  Chloridea  obsoleta,  all  the  old  references 
are  under  the  former  name,  and  they  contain  much  good 
work.  The  curse  of  our  subject  is  this  continual  changing 
of  nomenclature  on  grounds  of  priority.  Some  day  ento- 
mologists will  reahze  how  they  handicap  their  science  ;  may 
this  day  come  soon.    I  have  had  to  take  a  middle  coiurse, 
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one  between  that  of  the  ultra-conservative  and  the  ultra- 
nomenclaturist. 

For  students  it  has  been  necessary  hitherto  to  rely  on  Sharp's 
volumes  on  Insects  in  the  Cambridge  Natural  History,  but 
these  are  now  out  of  date,  and  while  very  admirable  in  parts 
(e.g.  Orthoptera)  are  not  really  adequate  in  many  groups  (e.g. 
CurcuUonidce),  For  training  in  economic  entomology  tropical 
groups  are  so  important  that  Indian  Insect  Life  has  been  in 
constant  use  in  this  College,  but  is  now  no  longer  obtainable. 

The  underlying  idea  of  this  book  is  best  expressed  as  follows  : 
Imagine  seven  entomologists  in  Piccadilly  Circus,  and  that  they 
see  a  beetle  crossing  the  road.  The  systematist  says,  Carabus 
octodecimpunctata  Smith  var.  Nigro-fasciaia  Jones,"  and  his 
interest  ends  there.  The  morphologist  says,  Beetle,  with 
undeveloped  hypopharynx,  dieroistic  egg-tubes,  etc.,  etc.,"  and 
his  interest  ends.  The  collector  says,  Ordinary  common 
variety,  ten  males  and  females  in  my  collection,"  and  passes 
on.  The  Mendelist  speculates,  thinks  back  over  literature  of 
inheritance  in  Carabidce,  and  wishes  he  were  back  in  his 
library.  The  evolutionist  speculates  also,  as  to  the  common 
ancestor  of  Carabidce  and  Dermaptera,  as  to  whether  the  cara- 
boid  or  scarabaeoid  larva  came  first,  and  also  passes  on  specu- 
lating. The  bionomist  says,  Carabid,  carnivorous,  free 
living,  no  business  to  be  here,"  and  the  economic  man  says 
much  the  same,  but  wonders  what  he  would  do  if  an  out- 
break of  these  occurred  in  Piccadilly  and  he  was  called  on 
to  cope  with  it.  It  is  the  last  two  men  that  I  attempt  to 
interest. 

Illustrations  are  reduced  to  the  barest  minimum,  as  I  do 
not  believe  in  encouraging  identification  from  pictures.  Every 
student  should  work  with  a  collection,  and,  when  reading  up 
a  group,  have  actual  specimens  to  examine  and  dissect.  Some 
illustrations  are  from  Indian  Insect  Life,  and  therefore  not 
acknowledged,  as  they  are  my  copyright. 
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MANUAL  OF  ENTOMOLOGY 


AFTER A 

Wingless  insects  derived  from  wingless  ancestors.  No 
metamorphosis.  Primitive  biting  mouth-parts  with  maxil- 
lulae. 

The  members  of  this  group  are  extremely  widely  distributed, 
some  genera  being  found  all  over  the  world  ;  the  Thysanura^ 
however,  are  mainly  tropical,  and  the  Gollembola  mainly 
temperate. 

The  Apfera  are  possibly  the  most  primitive  of  all  insects, 
being  allied,  in  many  respects,  to  the  Myriapoda  and  Pauropoda, 
more  especially  with  regard  to  the  head,  legs,  and  abdominal 
appendages  ;  even  their  embryology  resembles  that  of  Myria- 
poda.  These  very  characters  are  those  in  which  they  differ 
most  from  the  more  advanced  types  of  Insects.  Some  of  the 
lines  of  development  followed  by  the  Aptera  are  actually  more 
suggestive  of  the  Crustacea  than  of  the  Myriapoda,  Thus 
their  common  ancestor  was,  in  all  probability,  a  form  inter- 
mediate between  Crustacea  and  Myriapoda,  The  various 
classes  of  the  Aptera  are  linked  very  closely  together  and  their 
affinity  to  the  Pterygota  is  so  questionable  that  the  suggestion 
of  some  authors  that  the  former  should  be  altogether  removed 
from  the  Insecta  is  quite  reasonable.  They  are  all  small, 
wingless,  soft-bodied  insects,  in  colour  generally  white  or 
brown,  black  or  grey,  though  some  are  quite  brightly  coloured  ; 
as  a  consequence  of  their  living  chiefly  in  concealment,  the 
colour  is  of  little  significance. 

The  head  is  usually  large  and  bears  (except  in  Protura)  a 
pair  of  well-developed  antennse  with  a  varying  number  of 
joints.  The  month-parts  consist  of  a  labrum,  a  pair  of  man- 
dibles, maxillae  vrith  palps,  a  hypopharynx  and  a  labium 
bearing  labial  palps  ;  in  many  forms  a  pair  of  maxillulse  is 
also  present  {An'urida),    In  many  cases,  the  mouth-parts  are 
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retracted  within  the  cavity  of  the  head.  Eyes  may  be  present 
or  absent. 

There  are  three  pairs  of  running  legs  clothed  in  hairs ;  one 
or  two  claws  occur  on  the  tarsi.  The  abdomen,  which  may 
be  linear  or  globular  in  form,  consists  of  from  six  to  twelve 
segments.  Abdominal  appendages  of  varying  form  are 
always  present,  of  which  the  most  characteristic  are  the 
abdominal  styles  and  sacs  on  segments  one' to  eight,  varying 
in  the  groups,  and  the  long  cerci  of  the  Thysanum  and  the 
furcula  and  ventral  tube  of  the  Collembola,  In  all  these  insects, 
the  body  is  clothed  in  hairs  to  a  greater  or  less  extent ;  some- 
times longer  clubbed  hairs  are  present,  and  in  some  forms,  the 
body  bears  flat  scales,  which  somewhat  resemble  those  of 
Lepidoptera,  The  alimentary  system  is  simple;  Malpighian 
tubules  are  sometimes  absent.  The  nervous  system  is  of  the 
primitive  Annelidan  type,  though  in  some  groups  the  abdominal 
ganglia  are  wanting,  or  are  fused  with  the  last  thoracic  ganglion. 
The  tracheal  system  is  often  little  developed,  being  sometimes 
entirely  absent.  Remarkable  variations  exist  in  the  form  of 
the  genitalia,  especially  in  the  Thysanura, 

Apterygota  occur  in  a  variety  of  situations,  but,  speaking 
generally,  Thysanura  are  found  more  abundantly  in  warm 
regions  and  dampness  is  not  an  essential  feature  of  their 
surroundings,  while  Collembola  seem  to  prefer  temperate 
regions  and  are  always  found  in  damp  situations. 

Their  economic  importance  is  very  slight ;  a  few  Thysanura 
are  minor  household  pests,  and  some  of  the  Collembola  damage 
roots  and  seeds  of  plants. 


PROTURA 


Myrientomata.  Anamerenioma. 

Antennae  absent.  Three  pairs  of  abdominal  appendages. 
Twelve  abdominal  segments. 

In  distribution,  the  Protum  are  both  temperate  and  tropical. 

Possibly  the  most  primitive  group  of  the  Aptera,  they  are 
minute,  white,  soft-bodied  insects,  the  largest  being  two 
millimetres  long,  and  many  being  so  small  as  to  be  almost 
invisible  to  the  naked  eye.  They  possess  no  antennae,  being 
in  that  respect  unique  amongst  all  known  insects.  The  fore- 
legs are  generally  held  up  over  the  head,  appear  to  be  antennaB 
at  first  sight  and  probably  function  as  such.    The  head  is 


Fig.  1. — Acerentomon  sp.    (x  25.) 
(After  Berlese.) 


rather  small,  coming  to  a  point  in  front ;  the  mouth-parts, 
which  are  withdrawn  into  the  head  (entotrophic),  consist  of  a 
pair  of  stylif  orm  mandibles,  a  pair  of  maxillae,  and  a  labium,  the 
latter  two  bearing  palps ;  the  maxillary  palps  are  large  and  can 
be  seen  projecting  from  the  head  at  each  side.  No  true  eyes  are 
present,  but  there  is  a  pair  of  what  Berlese  calls  pseudocelli  " 
near  the  front  end  of  the  head.  Becker  believes  these  to  be 
related  to  the  post-antennal  organs  of  Collembola,  and  suggests 
that  they  respond  to  vibrations.  The  legs  are  short,  with  a  single 
claw  on  the  tarsi ;  the  fore-legs  are  rather  longer  than  the  others 
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and  serve  for  tactile  purposes,  to  replace  the  antennae,  being 
provided  with  special  sense -hairs  for  the  purpose.  The 
abdomen  consists  of  twelve  segments  in  the  adult  state,  a 
greater  number  than  is  present  in  any  other  mature  insect.  In 
the  earliest  embryonic  stage,  as  far  as  is  known,  nine  segments 
only  exist  and  the  remaining  three  are  interpolated  one  at  a 
time  between  the  last  and  penultimate  segments,  as  the  pro- 
cess of  growth  continues.  Certain  paired  appendages  occur  on 
the  first  three  abdominal  segments,  of  which  the  first  pair  are 
always  two-jointed,  and  the  others  either  one-  or  two-jointed. 
No  anal  cerci  are  present,  the  final  segment  of  the  body  being 
truncated— from  which  fact  the  name  Protura  is  derived.  The 
sexes  can  only  be  distinguished  by  a  study  of  the  genital 
system. 

The  head  and  prothorax  of  some  contain  certain  small, 
dark,  rounded  structures  termed  "  concretions  "  by  Rimsky- 
Korsakow ;  these  are  disposed  symmetrically—  five  pairs  in 
the  head,  and  three  pairs  in  the  thorax.  Their  function  is 
not  known.  The  alimentary  system  is  simple,  possessing  a 
long  mesenteron  ;  six  short  Malpighian  tubules  occur.  A  pair 
of  glands  opens  on  the  eighth  abdominal  segment. 

The  nervous  system  is  of  the  typical  Annelidan  form,  pos- 
sessing six  pairs  of  ganglia  in  the  abdomen.  Certain  supple- 
mentary ganglia  are  also  present  at  the  base  of  each  leg.  No 
tracheal  system  occurs  in  some  forms,  while  others  possess 
two  pairs  of  spiracles,  on  the  meso-  and  meta-thorax.  Prell 
states  that  the  tracheae  from  the  mesothoracic  spiracle  supply 
the  head,  thorax,  and  two  hind  pairs  of  legs,  while  those  from 
the  metathoracic  pass  to  the  abdomen  and  hind-legs.  In  the 
female,  the  genitalia  consist  of  two  straight  simple  ovaries  with 
oviducts  which  pass  back  ventrally  from  the  metathorax, 
uniting  in  a  short  vagina  opening  between  the  eleventh  and 
twelfth  segments.  The  male  possesses  two  large  testes  joining 
anteriorly  at  the  metathorax ;  from  these  pass  long,  coiled 
vasa  defer entia  to  the  protrusible  penis  situated  between  the 
eleventh  and  twelfth  segments. 

Of  the  life-history  extremely  little  is  known.  No  deposited 
eggs  have  yet  been  discovered,  but  their  relatively  large  size 
as  seen  in  the  oviduct  suggests  that  they  are  laid  only  a  few 
at  a  time.   Larval  forms  have  been  found,  differing  from  the 
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adult  in  possessing  fewer  segments  in  the  abdomen.  There 
is  some  uncertainty  as  to  the  nature  of  their  food,  though  it  is 
probably  of  a  soft  character,  the  bark-inhabiting  forms  prob- 
ably feeding  on  sap  or  plant-tissues,  and  the  ground  species  on 
decaying  vegetable  matter.  Protura  are  found  under  stones, 
in  moss  and  peat,  under  the  bark  of  trees,  etc.  Williams 
says,  Rimsky-Korsakow  describes  them  as  being  solitary, 
and  usually  I  found  them  only  one  or  two  at  a  time,  but  on  one 
occasion  I  obtained  fifty  from  one  small  block  of  peat,  while 
Bagnall  alludes  to  finding  them  in  profusion."  The  best  way 
to  collect  them  is  by  use  of  the  Berlese  funnel.  One  species, 
Protapteron  indicum,  was  made  the  basis  of  a  new  order,  the 
Protaptera,  by  SchepotiefE  (1909),  who  discovered  some  speci- 
mens in  preserved  decaying  palm-fruits  in  Malabar.  But  they 
were  found  to  be  merely  a  species  of  Protura,  and  the  order 
Protaptera  has  now  been  abolished.  The  Protura  are  divided 
into  two  families  as  follows  : — 

ACERENTOMIDiE]. 

First  abdominal  appendage  two -jointed,  second  and  third 
one -jointed  ;  tracheal  system  absent.  Acerentomon.  Acerentulus. 

EOSENTOMIDJE. 

All  abdominal  appendages  two -jointed ;  two  pairs  of 
spiracles,  on  the  mesothorax  and  metathorax.  Eosentomon. 

Representatives  of  both  families  are  found  in  England. 

Berlese  monographed  the  order  in  1909.  Silvestri  (1907 
and  1909),  Borner  (1909),  and  Prell  (1911  and  1912),  have  also 
written  on  this  order.  Bagnall  gave  a  popular  account  of  the 
group  in  1912,  and  Williams  in  1913  wrote  a  summary  of  the 
knowledge  then  extant. 


THYSANURA 


Abdomen  with  ten  or  eleven  segments.  Antennae  with 
many  segments.  Anal  cerci  present.  Abdominal  styles 
present. 

Thysanum  are  conjaned  mainly  to  tropical  regions,  very  few 
being  found  in  temperate  lands. 

They  are  small,  white  or  greyish,  soft-bodied  insects,  recog- 
nizable by  their  long,  many-jointed  antennae  and  anal  cerci. 
The  body  is  narrow  and  flattened,  varying  in  length,  over  all, 
from  a  quarter  to  three-quarters  of  an  inch,  and  is  covered  with 
scales  or  hairs. 

The  head,  which  is  well  marked,  is  sometimes  partly  concealed 
by  the  prothorax.  Eyes  may  or  may  not  be  present.  The 
biting  mouth-parts  are  drawn  into  the  head  (ento trophic)  in 
some  forms,  while  in  others  they  are  situated  externally  as 
those  of  normal  mandibulate  insects  ;  they  consist  of  labrum, 
mandibles,  maxillae  and  maxillary  palps,  hypopharynx,  labium 
and  labial  palps. 

Three  distinct  segments  are  present  in  the  thorax ;  the  legs 
are  moderately  long,  and  bear  two  claws  on  the  tarsi ;  in  one 
family  a  small,  cylindrical  appendage,  resembling  those  on  the 
abdomen,  occurs  on  the  basal  segment  of  the  last  two  pairs  of 
legs.  The  abdomen  is  flattened  with  ten  or  eleven  segments 
either  nearly  equal  or  gradually  tapering  posteriorly.  Ab- 
dominal appendages  occur  in  all  forms,  consisting  of  a  series  of 
styles  and  protrusible,  tube-like,  vesicular  structures,  varying 
in  arrangement  in  the  different  groups.  The  sexes  in  Thysanma 
are  distinct.  In  the  female,  the  ovipositor  consists  of  four 
elongated,  cylindrical,  rod-like  appendages,  of  which  the  two 
anterior  proceed  from  the  eighth,  and  the  two  posterior  from 
the  ninth  segment.  The  male  possesses  a  broader  and  shorter 
spatulate  process  on  the  ninth  segment. 

Salivary  glands  are  present  in  all  forms.  The  alimentary 
canal  is  straight  and  simple ;  a  gizzard  containing  homy  teeth 
is  sometimes  present. 
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Malpighian  tubules  are  present  in  some  forms,  while  in 
others  their  place  is  taken  by  a  ring  of  large  glandular  cells  a.t 
the  posterior  end  of  the  mid-gut;  in  one  family  there  is  appar- 
ently no  special  secretory  apparatus. 

The  nervous  system  is  Annelidan  in  form,  supra-  and  sub- 
oesophageal  ganglia  being  present  in  the  head,  connected  with 
ganglia  in  each  division  of  the  thorax,  and  in  the  first  seven  or 
eight  abdominal  segments.  There  are  three  to  ten  pairs  of 
spiracles,  the  thorax  always  possessing  a  pair  in  each  segment  ; 
the  prothoracic  are  the  largest ;  some  species  of  Japyx  are 
stated  to  have  four  pairs  in  the  thorax.  An  ostiate  heart  is 
present. 

The  genitalia  of  this  order  are  extremely  interesting  and 
peculiar.  The  two  ovaries  are  either  simple  or  give  off  a 
number  of  short  egg-tubes  (ovarioles) ;  in  all  cases  the  oviducts 
unite  and  open  between  the  eighth  and  ninth  segments.  The 
testes  resemble  the  ovaries,  being  simple  or  compound,  and 
also  opening  at  the  end  of  the  eighth  segment ;  the  vasa 
deferentia  may  be  short  or  long  and  coiled. 

Thysanura  are  found  always  in  concealment,  inhabiting  the 
soil,  peat,  moss  and  decaying  vegetable  matter.  Some  are 
found  only  in  houses  and  a  few  live  on  rocks  by  the  sea- 
shore. 

Extremely  httle  is  known  of  the  habits  and  life-history. 
The  eggs  are  white,  and  generally  laid  singly,  and  hatch  into 
nymphs  much  resembling  the  adult ;  in  this  order  there  is  no 
post-embryonic  increase  in  the  number  of  abdominal  seg- 
ments. The  group  as  a  whole  are  scavengers,  but  may  be 
predaceous. 

The  chief  authorities  on  the  order  are  Berlese,  Silvestri, 
Bagnall  and  Carpenter.  Lubbock  monographed  the  Thysanura 
in  1873.  Other  works  are  those  of  Grassi  and  Oudemans 
(1888),  Willem  (1899),  Escherisch  (1903  and  1905),  Silvestri 
(1905),  Hilton  (1917— nervous  system),  and  Hansen  (1917 — 
gense  organs). 

In  1919,  eight  British  species  had  been  recorded.  In  addi- 
tion Bagnall  has  divided  Gampodea  staphylinus  into  several 
species.  The  members  of  this  order  are  of  little  economic 
importance.  Lepisma  and  other  allied  genera  eat  the  glaze 
of  photographs  and  starchy  substances  and  feed  on  paper. 
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The  order  is  divided  into  five  families — Campodeidce,  Pro 
japygidce,  Japygidce,  Machilidce,  and  Lepismidce. 


Campodeidje. 

Mouth-parts  retracted.  No  median  process.  Generally 
no  eyes.   Eleven  abdominal  segments. 

The  Campodeids  are  a  family  widely  distributed  in  temperate 
regions,  but  rare  in  dry,  hot  climatic 


Small,  white,  delicate  insects,  resem- 
bling minute  centipedes  as  they  wind 
their  way  sinuously  among  the  particles 
of  soil  in  which  they  live,  they  are 
conspicuous  for  their  long  cerci,  large 
heads,  and  hairy  bodies. 

They  possess  long,  well-developed  an- 
tennae, and  their  eyes  are  usually  absent. 
As  in  predaceous  insects,  the  mouth- 
parts  are  prognathous  (pointing  for- 
wards). The  mandibles  are  curved  and 
dentate,  the  maxillary  palpi  one-jointed 
and  less  developed  than  those  of  the 
other  famihes. 

The  thoracic  segments  are  distinctly 
marked ;  there  are  no  scales  on  the 
body,  and  the   abdomen   tapers  only 


(X  15.)  of    large   anal   cerci   and  no  median 

appendage.  Abdominal  appendages  are 
situated  on  the  first  to  seventh  segments ;  on  the  first  is  a 
pair  of  ''uropods  "  or  vestigial  abdominal  legs  ;  one  sac  and 
one  stylet  are  present  on  each  side  in  abdominal  segments 
two  to  seven. 

No  Malpighian  tubules  occur  in  this  group,  their  place  being 
taken  by  a  ring  'of  sixteen  large,  glandidar  cells.  Only  seven 
abdominal  ganglia  are  present ;  the  spiracles  are  confined  to 
the  three  divisions  of  the  thorax.   Nine  pairs  of  ostia  occur  in 
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the  heart.  In  this  family,  the  genital  organs  are  of  a  much 
simpler  and  more  primitive  form  than  those  found  in  the  other 
groups.  The  ovary  is  merely  a  long,  straight  tube  running 
down  the  side  of  the  body.  The  testes  resemble  the  ovaries 
and  pass  into  a  short  vas  deferens. 

These  small  insects,  of  which  there  are  three  genera.  Gam- 
podea,  Entrichocampa,  and  Lepidocampa,  may  be  found  in  soil 
and  decaying  vegetable  matter,  in  moss,  in  wood,  under  the 
bark  of  trees,  among  dead  leaves,  etc.  They  are  probably  pre- 
daceous,  and  are  of  no  economic  importance.  According  to 
Bagnal],  there  are  several  British  species,  of  which  Campodea 
staphylinus  is  the  best  known. 


Projapygid^. 

Mouth-parts  retracted.  Anal  cerci  segmented.  No 
median  process.  Generally  no  eyes.  Eleven  abdominal 
segments. 

This  family  was  founded  for  one  species,  Projapyx  stylifer, 
from  West  Africa,  by  Cook  (1899).  It  occupies  a  position 
intermediate  between  the  Japygids  and  the  Campodeids,  which 
are  the  most  primitive  of  Thysanura.  By  some  authors  they 
are  considered  to  be  the  most  primitive  of  all  the  insects, 
but  that  position  is  undoubtedly  held  by  Protura.  They  are 
found  only  in  warm  countries.  The  antennae  are  stouter  than 
in  the  Campodeids,  and  there  are  usually  no  eyes.  The  body 
bears  no  scales ;  the  eleventh  segment  is  reduced  and  covered 
by  the  tergum  of  the  tenth.  Two  rather  short  anal  cerci  occur, 
of  fewer  segments  than  those  of  Campodea.  Abdominal 
appendages  are  present  on  segments  one  to  seven,  the  first 
bearing  a  style  and  a  pair  of  conical  processes  on  each  side, 
while  the  remainder  have  only  a  style. 

Seven  pairs  of  abdominal  ganglia  occur,  and  there  are 
seven  pairs  of  spiracles  in  the  abdomen.  The  ovary  possesses 
ovarioles.  The  heart  has  nine  pairs  of  ostia.  Silvestri  (1905) 
has  written  about  this  group. 
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Japygid^. 

Mouth  -parts  retracted .  Abdomen  ends  in  a  pair  of  forceps . 
No  median  filament.  Generally  no  eyes.  Apparently  ten 
abdominal  segments,  actually  eleven. 

These  insects  are  confined  entirely  to  tropical  countries. 
They  are  small,  white  or  brown,  having  a  smooth  body  with 
few  hairs,  a  long,  distinctly  segmented  abdomen,  and  the  cerci 
modified  to  form  a  characteristic  pair  of  forceps. 

The  antennae  are  large  and  hairy ;  eyes  are  usually  absent. 
Curved,  dentate  mandibles  and  two-jointed  maxillary  palps 
are  present.  The  thorax  is  well  marked ;  the  legs  are  slender 
and  covered  with  hairs.  The  abdomen  tapers  at  both  ends ; 
appendages  are  found  on  the  first  to  the  seventh  abdominal 


Fig.  3. — Japyx.    (x  8.) 


segments,  being  more  rudimentary  than  in  the  Campodeidce ; 
they  consist  of  a  pair  of  hairy  papillae  and  a  short  style  on  each 
side. 

The  alimentary  canal  includes  a  large  cylindrical  stomach 
and  a  short  intestine ;  no  gizzard  is  present.  There  are  no 
Malpighian  tubules  nor  apparently  anything  to  take  their 
place.  Eight  pairs  of  ganglia  and  seven  pairs  of  spiracles 
occur  in  the  abdomen.  An  extra  pair  of  spiracles  is  present 
in  the  prothorax— the  only  case  known  in  Insects  of  the  thorax 
possessing  more  than  three  pairs. 

The  arrangement  of  the  genitalia  is  more  primitive  than  that 
of  the  other  families,  the  ovaries  consisting  of  a  pair  of  egg- 
tubes  in  each  of  the  first  seven  abdominal  segments  •  these 
join  a  common  duct  on  each  side.  The  male  organs  consist 
of  a  single  pair  of  sacs,  each  with  a  caecum  at  its  base,  and 
long  coiled  vasa  deferentia. 

These  tropical  insects,  which  inol^de  ft  nupitef  of  gen^r^ 
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such  as  J a^yx,  Parajapyx,  and  Evalljapyx,  occur  generally  in 
damp,  decaying  vegetable  matter.  In  habits,  they  may  be 
predaceous. 

Silvestri  has  recently  described  new  species.  None  are 
British. 

Machilid^, 

Bristle-tails. 

Mouth-parts  exserted.  Median  process  present.  Com- 
pound eyes.   Eleven  abdominal  segments. 

These  insects  are  widely  distributed  in  both  temperate  and 
tropical  regions.  They  are  small,  quick-moving  creatures, 
covered  with  scales  or  hairs. 

The  head  is  rather  small,  bears  long  antennse,  and  is  some- 
what compressed  laterally.  Large,  contiguous,  compound 
eyes  are  present.  The  mouth-parts  are  hypognathous,  i.e. 
pointing  downwards,  and  are  rather  delicate  in  structure, 
resembling  those  of  CoUembola,  Elongate,  slender  mandibles 
occur  which  are  only  shghtly  toothed,  while  the  maxillae  bear 
palps  which  are  long  and  seven-jointed. 

The  prothorax  is  divided  from  the  rest  of  the  body  by  a  deep 
constriction.  Legs  of  moderate  length  occur;  on  the  coxae 
of  the  second  and  third  pairs  are  appendages  resembling  those 
found  on  the  abdomen.  The  body  is  sub-cylindrical  and 
tapering,  generally  covered  with  flat  scales.  In  the  abdomen, 
the  dorsal  plates  overlap  the  ventral.  A  pair  of  anal  cerci, 
shorter  than  in  Lepisma,  are  situated  at  the  end  of  the  abdomen, 
together  with  a  long,  many- jointed,  median  process.  In 
addition,  there  are  sub-abdominal  appendages  on  the  second 
and  ninth  segments ;  in  this  family,  these  attain  perhaps  their 
highest  development. 

The  members  of  this  family  are  generally  capable  of  springing. 
Females  may  be  distinguished  from  males  by  the  possession  of 
an  external  ovipositor. 

The  alimentary  canal  consists  of  pharynx,  oesophagus  which 
gradually  dilates  to  form  the  proventriculus,  bearing  homy 
teeth,  the  true  stomach,  narrow  ihum  and  rectum.  Twelve 
elongate  Malpighian  tubules  arise  from  the  posterior  end  of 
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the  stomach.  There  are  eight  pairs  of  abdominal  ganglia. 
Eight  pairs  of  abdominal  spiracles  are  present.  The  heart 
has  nine  pairs  of  ostia.  The  ovaries  consist  of  seven  egg-tubes, 
opening  into  a  common  duct  on  each  side  of  the  body :  though 
this  is  a  primitive  character,  the  arrangement  of  the  tubes  is 
not  strictly  segmental.  The  organs  comprise,  on  each  side, 
three  dilated  sacs  with  long  vasa  deferentia  of  curious  form, 
joining  a  common  duct. 

The  young  differ  very  little  from  the  adult,  the  eyes  being 
compound  even  in  the  youngest  stages.  This  family  contains 
a  number  of  genera,  of  which  Machilis  is  the  commonest.  They 
are  probably  all  scavengers,  feeding  on  decaying  vegetable 
matter. 

Machilis  maritima  is  commonly  found  on  rocks  on  the 
English  coast,  M.  polypoda  occurs  amongst  dead  leaves. 
Others  are  found  under  loose  stones.  Assmuthia  spinosissima 
and  Platystelea  barbifer  live  in  termites'  nests  in  Lidia. 

Lepismid^. 

Mouth-parts  exserted.  Median  process  present.  Eyes 
simple,  when  present.   Eleven  abdominal  segments. 

Though  widely  distributed,  more  tropical  than  temperate 
species  have  been  recorded. 

In  some  ways,  this  is  the  most  advanced  group  of  the  Thy- 
sanura.  The  body  is  generally  covered  with  flat,  silvery 
scales,  which  may,  however,  sometimes  be  absent.  By  this 
character  and  by  their  movements  they  may  be  easily  recog- 
nized, 

A  small  head  is  present,  which  is  dorso-ventrally  flattened, 
and  which  bears  a  pair  of  large  antennae ;  the  eyes  consist  of  a 
group  of  a  few  ocelli.  Prognathous  mouth-parts  occur ;  the 
mandibles  are  short  and  strong,  the  maxillary  palps  well 
developed  and  five-jointed.  The  thoracic  segments  are  very 
distinctly  marked,  and  larger  than  those  of  the  abdomen.  A 
gradually  tapering  abdomen  bears  at  the  end  two  anal 
cerci  and  a  median  appendage.  Sub-abdominal  appendages 
occur  on  the  eighth  and  ninth  segments  (Lepisma),  or  on  the 
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second  to  ninth  (Nicoletia),  An  ovipositor  is  present  in  the 
female,  of  the  same  form  as  that  found  in  Machilis. 

The  digestive  system  resembles  that  of  the  Machilidce,  the 
gizzard  possessing  six  horny  teeth.  Six  elongated  Malpighian 
tubules  occur.  There  are  eight  pairs  of  abdominal  ganglia, 
and  eight  pairs  of  spiracles  are  pre- 
sent in  the  abdomen.  Nine  pairs  of 
ostia  occur  in  the  heart.  In  the 
female  Lepismid,  the  genital  organs 
much  resemble  those  of  Machilis  in 
form,  but  five  egg-tubes  are  present 
on  each  side,  and  the  arrangement  is 
segmental  in  the  young  state,  though 
in  the  adult  this  segmentation  is  lost. 
The  testis  of  the  male  consists  of  three 
saclike  structures  opening  into  a  com- 
mon duct.  Nocturnal  and  gregarious 
in  habit,  these  insects  are  found 
mainly  in  houses  and  include  Lepisma 
and  CtenolepisTm,  which  latter  in 
India  feeds  on  paper  and  the  gummy 
matter  which  gives  the  glaze  to  its 
surface.    Ctenolepisma  lays  white,  oval 


Lepisrm  saceharina,  the  Silver-fish 
Insect,  is  commonly  found  in  houses 
in  England.  Cornwall  describes  the 
life-history,  anatomy,  and  internal 
fauna  of  a  Lepismid  {Ind.  J.  Med, 
Besearch,  III,  i,  p.  116  (1915).  Ther- 
mobia  furnorum  lives  in  warm  corners 
of  the  house,  and  in  such  places  as 
bakehouses,  where  the  bakers  refer  to  it  as  the  "  fire-brat." 

The  family  as  a  whole  are  of  very  little  economic  importance, 
though  Lepisma  and  Ctenolepisma  are  reported  to  cause 
damage  to  photographs,  in  the  tropics,  by  eating  the  glaze 
composing  the  surface. 


Fig.  4. — Lepisma  sp. 
(X  4.) 


COLLEMBOLA  (Spring-tails) 


Abdomen  with  not  more  than  six  segments.  Antennae 
with  few  segments.  No  anal  cerci.  Ventral  abdominal 
tube  present. 

Collembola  are  widely  distributed,  though  mainly  found  in 
temperate  regions.  They  are  small,  active  insects,  generally 
dark-coloured,  sometimes  white,  many  being  prettily  marked 
in  various  shades  of  green,  yellow,  or  blue.  They  possess  a 
ventral  sucker  on  the  abdomen  and  also  usually  a  springing 
apparatus  or  furca ;  the  leaps  appear  to  be  made  at  random, 
being  repeated  till  the  insect  feels  itself  to  be  in  a  position  of 
safety.  One  of  the  most  curious  characters  of  this  order  is  the 
possession  of  at  the  most  six  segments  in  the  abdomen,  for  all 
other  known  insects  in  the  mature  state  have  at  least  ten. 

The  head  is  always  large  and  extremely  well  defined ;  in 
some  groups  it  is  partially  covered  by  the  prothorax.  The 
antennae  are  well  developed  and  generally  large,  and  consist 
of  from  four  to  six  joints.  In  some  species,  specimens  are 
frequently  found  with  a  greater  number  of  joints  in  one 
antenna  than  in  the  other,  and  the  length  of  the  joints  varies 
considerably ;  this  disparity  is  due  to  the  fact  that  the  antennal 
joints,  when  broken  off,  are  never  replaced  by  fresh  ones.  Eyes 
are  generally  present,  each  consisting  of  a  group  of  a  varying 
number  of  ocelli ;  they  appear  as  a  dark  patch  on  each  side 
of  the  head. 

A  very  remarkable  structure  occurs  in  some  Collembola ; 
this  is  the  pro-stemmatic  or  anteocular  organ,  termed  by  Sir 
John  Lubbock  the  post-antennal  organ,  since  it  is  present  in 
some  forms  possessing  no  eyes.  It  consists  of  a  series  of  dark 
patches  arranged  in  a  circle,  and  is  situated  behind  the  antenna 
on  each  side.  But  httle  appears  to  be  known  of  its  structure 
or  function.  The  mouth-parts  are  retracted  within  the  cavity 
of  the  head  and  consist  of  labium,  mandibles,  maxilte 
with  palps,  maxillulse  of  delicate  build,  hypopharynx  and 
labium ;  the  labium  bears  no  palps. 

The  thorax  is  not  distinctly  separated  from  the  abdomen ; 
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of  its  divisions,  tlie  prothorax  is  the  shortest,  and  is  some- 
times completely  covered  by  the  mesothorax.  Moderately 
long  legs  are  present,  the  tibise  in  some  species  terminating  in 
two  claws,  in  others  in  one  claw ;  there  are  no  tarsi.  Hairs, 
which  are  sometimes  clavate  in  form,  and  in  a  few  species 
scales,  cover  the  body.  The  body  in  shape  is  either  long  and 
cylindrical  or  short  and  globular. 

Beneath  the  first  abdominal  segment  is  situated  a  ventral 
tube  or  sucker.  In  some  genera  it  is  a  simple  tubercle  divided 
into  two  halves  ;  in  other  forms  it  is  further  developed,  being 
enlarged  and  divided  distally  into  two  lobes,  whOe  in  one 
group  the  insect  is  capable  of  protruding  from  the  end  of  the 
sucker  a  pair  of  long,  delicate,  glandular  tubes.  This  organ  is 
undoubtedly  used  for  adhesive  purposes,  to  give  the  insect  a 
firmer  grip  on  the  surface  to  which  it  clings  ;  this  function  is 
probably  assisted  by  the  secretion  of  a  viscous  fluid  which  the 
sucker  contains.  The  large  saltatorial  appendage  or  furca 
occurs  on  either  the  penultimate  or  ante-penultimate  segment, 
but  is  not  homologous  in  the  various  groups.  It  consists  of  a 
basal  joint  and  a  pair  of  arms,  which  are  simple  or  two- jointed 
and  generally  serrated  on  the  ventral  surface  to  ensure  a  secure 
grip  on  the  ground  in  the  act  of  leaping.  In  most  groups,  it 
is  turned  forwards,  and  in  some  lies  within  a  median  groove. 
A  curious  appendage,  the  so-called  ''catch"  or  retinaculum, 
horny,  and  in  most  cases  two-jointed,  bearing  two  arms,  holds 
the  furca  in  place  when  not  in  use  ;  it  is  generally  situated  on 
the  third  abdominal  segment.  The  ventral  tube,  retinaculum 
and  furca  are  all  modified  vestiges  of  the  abdominal  legs 
occurring  in  more  primitive  orders  such  as  the  Crustacea. 

Salivary  glands  are  probably  present.  The  digestive 
system  is  straight  and  simple ;  the  lining  of  the  oesophagus 
is  chitinous  and  thrown  into  folds.  Amoebocytes  occur  in 
the  stomach,  which  often  contains  Gregarines.  Malpighian 
tubules  are  wanting.  In  the  nervous  system,  the  abdominal 
ganglia  are  absent,  or  are  fused  with  the  last  thoracic  ganglion  ; 
the  heart  is  ostiate.  The  tracheal  system  is  of  shght  develop- 
ment, but  varies  in  the  different  groups  ;  in  some  forms  no  special 
respiratory  organs  occur  at  all.  Spiracles,  when  present,  are 
situated  also  in  the  head,  one  pair  occurring  there  in  Sminthurus. 
The  genital  organs  are  of  very  simple  structure,  and  similar 
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in  both  sexes.  They  consist  of  a  single  tube  on  each  side  of 
the  body,  commencing  at  the  anterior  end  of  the  abdomen  and 
passing  back  to  open  in  the  fifth  segment.  A  narrow  vagina 
is  present  in  the  female,  which  also  possesses  small  globular 
accessory  glands.  The  testes  unite  posteriorly  in  a  triangular 
receptacle — ^probably  the  spermatheca — ^from  which  a  short, 
narrow  vas  deferens  passes  to  the  ejaculatory  duct,  which 
latter  opens,  as  in  the  female,  on  the  fifth  abdominal 
segment. 

Eggs  are  laid  either  singly  or  in  batches  of  from  fifty  to  a 
hundred  under  bark  of  trees,  dead  leaves,  etc.  They  are 
smooth  when  first  laid,  but  in  some  cases,  according  to  Lubbock, 
they  later  develop  hairs  on  the  STirface.  In  a  description  of 
the  life-history  of  Isotoma  WalJcerii,  Packard  states  that  the 
eggs  are  round  and  glistening  white,  and  are  laid  on  the  under- 
side of  bark.  The  young  hatch  out  in  from  six  to  ten  days. 
On  hatching,  the  young  nymph  is  perfectly  white  and  very 
active  ;  it  is  then  about  -01  of  an  inch  in  length  and  is  relatively 
shorter  and  broader  than  the  adult ;  it  has  a  stout,  short  spring, 
while  the  head  is  rounder  in  form  and  the  antennae  are  thicker  ; 
in  fact,  it  resembles  the  adults  of  lower  forms  such  as  Lipura. 
After  the  first  moult,  it  is  :025  of  an  inch  long,  and  still  white 
in  colour.  A  second  moult  takes  place,  and  the  insect  then 
becomes  of  a  purplish  hue  and  more  slender  in  build,  now 
closely  resembling  the  adult.  (It  is  to  be  inferred  from 
Packard's  account  that  at  least  a  third  moult  occurs  before 
the  adult  stage  is  reached.) 

Collembola  are  found  in  great  numbers  in  almost  any  damp 
situation.  Many  live  in  loose  earth,  among  dead  leaves,  under 
bark ;  some  live  in  houses,  some  on  the  leaves  of  plants  ;  others 
are  found  on  the  surface  of  still  water,  while  certain  species 
are  known  on  snow  in  the  Arctic  regions.  A  number  of  species 
are  myrmecophilous,  being  found  in  the  nests  of  some  ants ; 
these  forms  are  always  blind  and  without  saltatory  appendages. 

The  chief  authorities  on  this  order  are  Silvestri,  Nicolet, 
Bourlet,  Folsom,  BagnaU,  Carpenter,  and  Imms. 

Lubbock  monographed  the  Collembola  in  1873.  Borner 
wrote  a  monograph  of  the  family  NeeUdse  in  1906,  in  Oenera 
Insectorum,  Ease.  45.  Other  important  works  have  been 
written  by  Willems  (1899),  CoUinge  (1910),  Quiel  (1915), 
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Crampton  (1916),  and  rolsom.  The  nnmlDer  of  British  species 
recorded  up  to  the  present  is  about  100. 

Collembola  (mainly  Sminthuridce)  cause  direct  damage  to 
the  roots  and  seeds  of  plants  by  feeding  on  them,  and  by  thus 
exposing  them  to  the  attacks  of  Fungi.  Achorutes  is  an  im- 
portant pest  in  mushroom-houses,  as  it  becomes  extremely 
abundant  and  then  disfigures  the  mushrooms. 

Other  cases  ^re  recorded  of  damage  to  growing  plants  : 
these  are  really  rare  :  Sminihurus  has  been  found  abundantly 
on  spinach  and  beans  ;  but  that  does  not  imply  real  damage. 
There  may  be  cases  of  damage,  chiefly  due  to  the  superficial 
laceration  of  the  tissue,  which  admits  other  disease  ;  but  these 
are  imusuaL 

Collembola  are  subdivided  as  follows  : — 
Arthropleona — Achoruiidce,  Eniomohryidce, 
SymphyTpleona — Smynihuridce,  Neelidce. 

AUTHROPLEONA.— The  head  is  directed  forward  or 
downward.  The  post-antennal  organ  is  usually  present.  The 
antennae  are  four-  to  six-jointed,  the  body  is  more  or  less  cylind- 
rical in  form. 


AOHOEUTIDJE. 

Furcula  short,  when  present.    Scales  never  present. 

These  small,  crawling  insects  are  white,  pink,  or  blue  in 
colour  and  slow  in  movement,  being  conspicuous  by  the  fact 
that  they  do  not  leap  as  do  the  rest  of  the  Collembola,  The 
body  is  broad  and  rather  flat,  bearing  hairs  but  no  scales. 

The  head  is  dorso-ventrally  flattened  and  is  directed  straight 
forwards.  Eyes  are  usually  present ;  the  antennae  are  broad 
and  rather  short.  There  is  little  distinction  between  the 
thorax  and  abdomen  ;  the  legs  are  short  and  possess  generally 
two  claws,  though  in  some  cases  only  one  claw  is  present.  There 
are  no  scales  on  the  body,  which  is  usually  granular,  while  the 
segments  of  the  abdomen  are  clearly  defined.  The  furcula, 
when  present,  is  situated  on  the  fifth  segment  and  is  quite 
short ;  its  absence  in  such  genera  as  Lipura  and  Ano'ura  is 
accompanied  by  loss  of  the  retinaculum.    The  last  segment 
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of  the  abdomen  in  some  forms  bears  a  pair  of  short  upturned 
hooks.  In  Anurida,  the  secretions  of  a  pair  of  head  glands 
pass  along  a  groove  between  the  legs  into  the  ventral  tube, 
assisting  in  its  function  of  adhesion.  The  female  is  usually 
larger  than  the  male.  Included  in  this  family  are  the 
genera  Achorutes  and  Lipum,  found  mainly  in  decaying  veget- 
able matter,  Anurida,  including  A.  maritima  which  lives  on 
rocks  by  the  sea-shore,  and  Podura,  of  which  P.  aqmtica  is 
found  on  the  surface  of  standing  water.  A,  maritima  lays 
eggs  in  the  crevices  of  the  rocks  and  probably  has  many  moults. 


Fig.  5. — Tomocerus  sp.    (x  30,  about.) 
=  spring,    vt.  =  ventral  tube.) 


Entomobeyidje. 

Furcula  long.   Scales  present  in  some. 

The  members  of  this  family  are  active  creatures,  running 
about  and  leaping  vigorously  when  disturbed ;  they  include 
some  of  the  largest  forms  of  Collembola,  The  body  is  cigar- 
shaped,  the  sides  being  sub-parallel.  Scales  are  generally 
present,  clavate  hairs  often  occur,  while  the  furca  is  very 
much  larger  than  in  the  preceding  family,  and  in  some  species 
of  Isotoma  is  situated  on  the  fourth  abdominal  segment.  The 
head  is  directed  obliquely  downwards  and  is  often  partially, 
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sometimes  wholly,  concealed  by  the  pronotum.  Two  claws 
are  always  present  on  the  tarsi.  There  is  no  tracheal  system. 
Isotoma  occm's  often  under  bark,  though  /.  aquatilis  is  found 
on  the  surface  of  ponds.  Orchesella  and  Tomocerus  are  other 
genera.  CypJioderes  (BecJcia)  is  blind  and  is  found  in  the  nests 
of  some  ants.  Heteromuricus  cavernicclus  occurs  in  moles' 
nests  and  is  also  blind.  As  is  the  case  with  all  Collembola, 
these  insects  are  always  found  in  damp  situations. 

SYMPHYPLEONA.  The  head  is  usually  vertical  in 
position,  i.e.  points  straight  downwards ;  the  antennae,  almost 
without  exception,  are  four-jointed  and  elbowed.  In  form, 
the  body  is  short  and  globular,  the  thoracic  and  abdominal 
segments  closely  united.    Protrusible  tubes  occur  in  the  ven- 


Fia.  6. — Papirius  sp.    (x  50,  about.) 


tral  sucker.  No  scales  are  present,  the  body  being  generally 
only  sparsely  pilose.  The  heart  extends  back  only  about  a 
third  of  the  length  of  the  abdomen  and  possesses  only  two 
ostia. 

Sminthuridje. 

Antennae  inserted  on  hinder  portion  of  head.  Coxae  as 
long  as,  or  shorter  than,  the  trochanters.  Eyes  usually 
present. 

A  globular  body  with  somewhat  flattened  sides  character- 
izes these  small  insects.  They  have  a  large  head  with  long, 
four-jointed,  elbowed  antennse.  Long,  rather  slender  legs  are 
present,  and  the  furca  occurs  on  the  fifth  abdominal  seg- 


20 


MANUAL  OF  ENTOMOLOGY 


ment.  Quite  a  well-developed  tracheal  system  exists,  especially 
in  Sminthurus  and  Sminthurides,  with  a  pair  of  spiracles  in  the 
head. 

Papirius  was  originally  placed  by  Lubbock  in  a  separate 
family.  Sminihurinus  corecus,  a  blind  species,  is  found  in 
moles'  nests. 

SminihuridcB  are  sometimes  very  abundant  on  the  surface 
of  ponds  and  tanks.  Some  occur  in  spasmodic  abundance  on 
plants,  and  are  reported  as  destroying  seedlings  :  such  cases  are 
rare  and  unimportant. 

NEELiDiE  {Megalothoracidce), 

Antennae  inserted  on  middle  or  anterior  portion  of  head. 
Coxae  markedly  longer  than  trochanters.  Eyes  absent. 
Body  globular,  segments  indistinct. 

This  family  resembles  the  preceding  one  in  general  external 
form,  but  differs  in  a  number  of  points.  One  of  the  most 
characteristic  of  these  is  the  possession  of  very  short  antenna), 
which  are  only  half  the  length  of  the  head.  The  body  is  rather 
bristly,  but  bears  few  hairs  except  in  the  anal  region ;  the 
metathorax  is  long,  the  furcula  about  twice  the  length  of 
the  antennae,  and  there  are  no  eyes  or  post-antennal  organs. 
Apparently  tracheae  are  wanting.  The  stomach  differs  from 
that  of  other  Collembola  in  consisting  of  a  series  of  four  cham- 
bers. Only  the  first  abdominal  ganglion  is  present,  and  this 
tends  to  become  united  with  the  last  thoracic  ganglion.  The 
maximum  length  of  these  creatures  varies  from  -25  mm.  to  -56 
mm. 

Two  genera  are  recorded,  Neelus  and  MegaloiJiorax ;  they 
are  generally  found  under  bark,  amongst  dead  sticks  or  in  the 
soil.    {Genera  Insectorum,  1906.) 


PTERYGOTA 


Insects  winged  in  the  adult  stage,  or  if  wingless,  derived 
from  winged  ancestors. 

PLECOPTERA  (Perlana,  Plaiyptera),  Stoneflies. 

Wings  membranous  and  reticulate.  Fore -wings  narrow. 
Hind -wings  generally  much  broader  and  with  a  large  plicate 
anal  area,  folded  fan-like  when  at  rest.  Antennse  long. 
Coxae  small  and  separated.   Anal  cerci  present,  as  a  rule. 

Stoneflies  (Plate  I,  Fig.  6)  are  recorded  from  most  parts  of 
the  world,  but  are  only  found  in  the  vicinity  of  water.  As  a 
rule  they  are  dull  and  unattractive  flies,  of  medium  or  fairly 
large  size,  generally  brown  or  blackish  in  colour ;  some 
EustheniidcB,  however,  are  brightly  coloured.  They  can  often 
run  rapidly  and  might  at  first  sight  be  taken  for  beetles,  though 
the  fore-wings  are  not  chitinized  as  elytra.  When  closed, 
there  is  a  distinct  square  shoulder  noticeable  to  the  fore- wings. 
The  hind-wings  are  folded  f anwise  under  the  fore  pair  when  at 
rest.   Plight  is  slow. 

The  head  is  of  quite  large  size,  with  long,  filamentous,  many- 
jointed  antennae.  There  is  a  pair  of  ill-developed  compound 
eyes,  and  three,  more  rarely  two,  ocelli.  Mouth-parts  are  of 
simple  biting  type  in  some,  but  in  others  they  are  so  reduced 
as  to  render  feeding  in  the  adult  state  impossible.  The  mand- 
ibles in  such  cases  may  exist  merely  as  small  fleshy  or  mem- 
branous lobes.  Maxillse  are  also  often  reduced,  but  the  five- 
jointed  maxillary  palpi  are  always  present  and  well  developed. 
The  labium  varies  in  form,  but  as  a  rule  possesses  three- 
jointed  labial  palpi.  The  prothorax  is  free,  squarish,  and  well 
developed  with  a  large  flat  notum.  Meso-  and  meta-thorax 
bear  wings.  In  the  sternites  of  the  thoracic  segments  are  slits 
covered  by  membrane.  Legs  are  slender  with  a  three-jointed 
tarsus  and  two  tarsal  claws.  The  wings  are  usually  fully 
developed,  though  in  some  species  the  males  are  micropterous. 
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Venation  is  variable,  especially  in  the  position  and  number 
of  cross- veins.  The  hind- wings  are  generally  much  larger  than 
the  fore-wings,  due  to  the  expansion  of  the  anal  area,  which 
is  folded  when  the  wings  are  at  rest,  as  in  the  Orthoptera.  A 
curious  feature  of  the  hind-wing  venation  is  that  the  radial 
sector  is,  in  the  imago,  attached  to  the  media  instead  of  to  the 
radius.  The  abdomen  is  often  provided  at  its  extremity  with 
filamentous,  many-jointed  cerci.  Males  are  smaller  than  the 
females. 

In  Perla  the  alimentary  canal  is  fairly  simple,  but  not  of 
usual  pattern.  The  oesophagus  is  of  considerable  size,  there 
being  no  crop  or  gizzard,  except  in  the  larva.  From  the 
anterior  portion  of  the  stomach  a  lobe  is  given  off  on  each  side 
and  there  are  also  eight  smaller  sac-like  diverticula.  The 
stomach  is  quite  small  posteriorly,  and  at  the  commencement 
of  the  intestine,  which  is  short  and  straight,  are  inserted  from 
twenty  to  sixty  Malpighian  tubules.  Two  pairs  of  large 
salivary  glands  are  present.  This  type  of  digestive  system 
is  not  constant  in  the  Plecoptera,  but  varies  considerably  in 
complexity.  The  reproductive  organs  are  peculiar  in  that  the 
ovaries  or  testes  are  connected  together  anteriorly  so  as  to 
form  an  arch.    Vesiculse  seminales  may  be  present  or  absent. 

After  pairing,  the  eggs  as  extruded  collect  in  a  mass  at  the 
end  of  the  abdomen  and  may  be  thus  carried  about  for  one 
hour  or  one  day  by  the  female.  They  are  then  at  some  time 
washed  off  into  the  water.  Here  the  eggs  separate  and  travel 
with  the  current  of  the  stream  a  short  distance.  As  soon  as 
the  glutinous  cap  at  the  micropylar  end  comes  into  contact 
with  a  solid  object  it  adheres  and  thus  eggs  may  be  found 
attached  to  stones,  etc.  The  egg  of  Perla  is  about  -5  mm. 
long,  dark  brown  in  colour,  and  oval  or  vase-shaped.  Occa- 
sionally there  is  a  circular  ridge  surrounding  it  at  the  end 
opposite  to  the  micropyle,  otherwise  the  chorion  is  without 
ornamentation.  About  1,600  eggs  may  be  laid  by  a  single 
female  in  three  or  four  masses.  Pairing  takes  place  in  between 
each  successive  oviposition. 

The  nymph  (Plate  I,  Fig.  7)  is  somewhat  similar  to  the  imago 
in  the  shape  of  the  body,  but  wings  are  of  course  not  present, 
except  as  rudiments  in  later  life.  Mouth-parts  are  well  devel- 
oped and  of  biting  type.    Tracheal  gills  are  present,  and  are 
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commonly  filamentous,  in  tufts ;  less  often  foliaceous  {Nemoura), 
They  vary  in  position,  being  sometimes  placed  on  each  side 
of  the  thorax,  or  on  the  sides  of  the  abdomen,  or  at  the  base  of 
the  caudal  stylets  on  either  side  of  the  anus.  In  the  adult, 
gills  often  persist  in  reduced  form.  The  legs  are  long,  flattened, 
and  fringed  with  hairs,  well  adapted  for  swimming  or  running. 
There  are  two  tarsal  claws.  At  the  posterior  end  of  the 
abdomen  a  pair  of  slender,  many-jointed  cerci  are  nearly 
always  present. 

The  nymphs  are  mainly  carnivorous,  feeding  on  Chironomid 
and  Simulium  larvae,  but  there  is  good  reason  to  believe  that 
some  of  the  smaller  species  are  herbivorous,  judging  by  the 
contents  of  the  alimentary  canal.  Owing  to  its  long  fringed 
legs,  the  nymph  can  run  and  swim  rapidly  among  the  stones 
of  the  stream-bed.  Wings  appear  gradually.  Just  before 
the  last  moult,  the  nymph  crawls  out  of  the  water,  the  old 
skin  splits,  and  the  imago  escapes.  The  life-cycle  as  a  rule 
occupies  one  year,  but  in  some  of  the  larger  species  probably 
two  or  three  years.  The  imagines  may  appear  at  any  time, 
from  quite  early  in  the  year,  in  some  species,  until  summer. 
The  winter  is  passed  as  a  nymph  in  the  water.  Stoneflies 
generally  inhabit  streams  ;  a  few  may  be  found  in  ponds  if  the 
water  is  constantly  being  renewed. 

The  majority  of  stoneflies  do  not  feed  in  their  imaginal  state, 
but  some  species  of  Tceniopteryx  have  well-developed  mouth- 
parts  and  feed  on  the  young  buds  and  foliage  of  river  or  brook- 
side  trees.  In  1918,  E.  J.  Newcomer  recorded  Tceniopteryx 
pacifica  as  a  pest  attacking  the  buds  and  blossoms  of  peaches, 
apricots,  and  plums  in  the  Wenatchee  Valley,  U.S.A.  The 
fruit  crop  of  those  trees  near  the  stream  was  seriously  affected. 

In  Coll.  Zool.  Selys,  Fasc.  IV,  Klapalek  has  monographed 
the  Plecoptera  (Perlodides),  A  classification  of  the  order  is 
given  by  Tillyard  in  Canad.  Entomol.  1921. 

As  British  we  have  twenty-nine  species,  listed  by  Morton  in 
Ent.  Mo.  Mag.  1907.  A  valuable  work  for  British  entomologists 
is  that  in  Die  Silsswasserfauna  Leutschlands,  Heft  8,  by  F. 
Klapalek  (1909). 

Tillyard,  1921,  recognizes  the  following  families  :  Eusiheniidcej 
Pteronarcidce,  Perlidce,  Ausiroperlidce,  Leptoperlidce,  Nemour- 
idce,  and  Capniidce. 


EPHEMEROPTERA 


(Ephemerida,  Plectoptera,  Agnatha),  Mayflies. 

Fragile  insects  without  mouth -parts.  Antennae  small. 
Wings  membranous  with  many  longitudinal  and  cross-veins, 
hind -wings  small,  often  reduced  or  absent.  There  are  two, 
or  more  usually  three,  caudal  filaments. 

Mayflies  are  to  be  found  in  all  parts  of  the  world,  mainly 
in  temperate  regions,  but  are  confined  to  the  neighbourhood 
of  water,  not  being  found  in  arid  districts.  They  are  quite 
unmistakable  insects  and  of  very  uniform  appearance  (Plate 
I,  Fig.  4),  occurring  generally  in  abundance  where  found,  near 
streams  or  other  water.  The  net-veined  delicate  wings,  of 
which  the  fore  pair  is  always  the  larger,  are  opposed  when  at 
rest,  after  the  manner  of  butterflies.  The  tail  filaments  are 
also  very  characteristic.  Colours  are  dingy  grey,  brown, 
green,  or  yellow,  never  brilliant. 

The  head  is  of  medium  size  with  large  compound  eyes  and 
three  ocelli.  In  the  male  the  compound  eyes  are  always  larger 
and  frequently  divided  completely,  so  that  there  are  really 
four  distinct  compound  eyes.  One  pair  of  these  may  be  still 
further  modified  and  each  eye  be  borne  at  the  end  of  a  pillar. 
Antennae  are  short,  of  two  or  three  joints,  the  terminal  one 
being  long  and  bristle-like,  the  basal  joint  short  and  stout. 
Mouth-parts  are  atrophied.  Generally  there  is  no  trace  of 
mouth-parts,  but  in  some,  indications  of  mouth  appendages 
are  present.  The  prothorax  is  small.  Mesothorax  very  large 
and  well  developed,  contrasting  with  the  much  smaller  meta- 
thorax,  which  is  little  different  in  size  from  an  abdominal  seg- 
ment. The  wings  are  somewhat  fanlike  and  longitudinally 
corrugated,  with  several  intercalary  veins  and  many  cross- veins. 
The  fore  pair  are  always  the  larger,  the  hind- wings  being  often 
small  and  sometimes  entirely  reduced.  Legs  vary  in  length  and 
are  adapted  for  clinging.  Frequently  the  first  pair  of  the  male 
are  of  exceptional  length  and  are  used  in  pairing.  In  Campsurus 
only  the  first  pair  of  legs  is  normally  developed,  the  second  and 
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third  pairs  being  reduced  to  short  stumps.  There  are  ten 
abdominal  segments,  generally  simple,  but  sometimes  with 
lateral  processes  as  in  Oniscigaster.  The  anal  cerci  are  long  and 
filiform,  and  as  a  rule  the  tergum  of  the  eleventh  abdominal 
segment  forms  a  median  tail  filament.  This  latter  is  reduced 
in  such  forms  as  Cloeon,  which  therefore  have  only  two  caudal 
filaments.  In  the  male  there  are  two  pairs  of  jointed  styles 
which  serve  as  claspers.  The  lower  pair  of  these  may  be  two- 
to  four- jointed  (five- jointed  in  Oniscigaster),  the  upper  pair  are 
two-jointed. 

In  the  imaginal  state  the  alimentary  canal  is  filled  with  air 
which  increases  the  buoyancy  of  the  insect.  The  reproductive 
organs  of  both  sexes  are  very  simple.  The  two  genital  ducts 
are  separate  for  their  entire  length,  with  two  separate  genital 
pores.  There  are  no  accessory  glands  or  diverticula  in  either 
sex. 

Mayflies  dance  in  swarms  usually  at  dusk  or  at  night ;  during 
the  dance  pairing  takes  place.  The  female  then  lays  her  eggs, 
in  number  from  500  to  nearly  4,000,  according  to  species.  In 
some  cases  the  entire  contents  of  the  ovaries  are  deposited  at 
once,  the  mass  distintegrating  in  the  water.  In  other  cases 
eggs  are  laid  singly  and  may  be  attached  to  stones,  etc.  The 
egg  is  generally  of  oval  shape,  white,  pale  green,  or  brown  in 
colour,  and  enveloped  in  mucus.  The  chorion  may  be  sculp- 
tured, and  frequently  anchoring  processes  are  present.  On 
hatching,  the  young  larva  resembles  a  Campodea.  No  tracheae 
or  gills  are  present  in  the  earliest  stages ;  later  gills,  and  then 
tracheae,  appear.  Growth  is  gradual,  there  being,  according 
to  Lubbock,  at  least  twenty- three  moults. 

The  nymph  (Plate  I,  Fig.  5)  is  campodeiform,  cylindrical  or 
flattened,  more  or  less  tapering  at  either  end.  The  head  is 
wedge-shaped  and  pointed  in  burrowing  forms,  short  and  broad 
in  free  living  species.  Compound  eyes  are  present,  and  a  pair 
of  filiform,  many-jointed  antennae.  The  mouth-parts  are  of 
biting  type,  consisting  of  labrum  with  epipharynx,  mandibles, 
maxillae,  and  labium  with  hypopharynx.  The  hypopharynx 
is  well  developed  in  Ephemerid  nymphs  and  consists  of  a 
median  fleshy  lobe  with  two  lateral  appendages.  In  burro wers, 
each  mandible  has  a  tusk  developed  on  the  outside,  which 
projects  forward.    Often  these  tusks  are  the  most  conspicuous 
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features  of  the  head,  as  in  Ephemera,  Palpi  are  of  ten  reduced. 
Generally  the  thorax  is  of  normal  type,  but  in  Bceiisca  and 
Prosopistoma  the  mesothorax  forms  a  dorsal  carapace  which 
covers  the  gills.  The  wings  develop  gradually  and  externally. 
The  legs  bear  a  single  tarsal  claw.  The  abdomen  tapers  to 
its  extremity.  There  are  seven  pairs  of  lateral  tracheal  gills, 
one  being  borne  at  each  of  the  postero-lateral  angles  of  the 
first  seven  tergites.  They  vary  in  form,  being  filamentous 
or  flattened.  They  may  be  exposed,  or  each  protected  by  a 
scale-like  lobe,  or,  as  already  mentioned,  the  thorax  may 
cover  them  as  a  gill  chamber.  Eaton  states  that  in  some 
larvae  the  rectum  is  also  to  a  certain  extent  respiratory,  as  in 
Dragonflies.  At  the  posterior  extremity  of  the  body  are  three 
filaments  fringed  with  hairs ;  these  are,  however,  shorter  than 
those  of  the  imago.  The  nymphal  tail  filaments  serve  for 
oxygenation  of  blood,  in  addition  to  being  used  to  assist  in 
locomotion. 

Food  consists  mainly  of  vegetable  matter,  but  sometimes 
nymphs  are  carnivorous,  e.g.  Chirotonetes.  Just  before  emer- 
gence the  nymph  rises  to  the  surface  and  swallows  air,  which 
is  retained  by  valve-like  structures  of  the  alimentary  canal. 
Soon,  while  floating  near  the  surface,  the  nymphal  skin  splits 
on  the  dorsum  of  the  thorax,  and  in  a  few  seconds  the  subimago 
has  emerged  and  flown  away.  In  primitive  forms  the  nymph 
climbs  a  support  before  disclosing  the  subimago.  This  sub- 
imaginal  stage  may  only  last  a  few  minutes,  or  several  days. 
As  a  rule  a  subimago  can  be  recognized  by  its  dull  colour,  as 
compared  with  that  of  the  imago.  In  two  genera,  Palingenia 
and  Campsurus,  the  female  never  sheds  its  skin  again,  but 
remains  permanently  as  a  subimago.  Finally,  in  normal 
cases,  there  is  one  more  ecdysis,  and  the  perfect  fly  appears  in 
brighter  colours  and  usually  with  longer  tail  filaments.  The 
adult  takes  no  food  and  is  very  short-lived,  some  lasting  only 
a  few  hours,  others  a  few  days.  Pairing  and  egg-laying  are 
the  sole  objects  of  aerial  life.  There  may  be  several  broods  in 
the  year,  or  the  life-cycle  may  be  extended  over  two  or  three 
years. 

Mayflies  are  particularly  defenceless  in  all  stages  of  their 
existence  and  are  the  prey  of  insectivorous  animals  both  while 
in  the  water  and  out.    Economically  they  are  of  no  importance 
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except  inasmuch  as  they  constitute  one  of  the  articles  of  diet 
of  freshwater  fishes,  the  latter  being  very  partial  to  these 
insects  in  any  stage.  In  Central  Africa  Ccenis  kungo,  collected 
in  large  numbers,  is  used  for  human  consumption. 

Eaton  has  monographed  the  order  in  Trans,  Linn,  Soc,  Loud. 
1883-88.  Morgan  gives  an  account  of  the  biology  of  Mayflies, 
with  a  very  complete  bibliography,  in  Ann,  Ent,  Soc.  Amer. 
VI,  1913. 

We  have  about  forty  British  species  of  Mayflies.  A  concise 
work  on  the  forms  which  are  likely  to  occur  in  Britain  is  that 
of  F.  Klapalek  in  Die  Siisswasserfauna  Deutschlands,  Heft  8, 
1909. 

A  full  account  of  the  nymphs  of  European  Ephemeroptera, 
as  well  as  Plecoptera,  will  be  found  in  Larves  et  Nymphes 
aquatiques  des  Insectes  d' Europe,  1921,  by  Rousseau. 


ODONATA 


{Paraneuroptera),  Dragonflies,  Horse- stingers. 

Elongate  insects  of  medium  or  large  size,  with  two  pairs 
of  equal  or  sub -equal  net-veined  wings.  Antennae  small 
and  inconspicuous.   Compound  eyes  large. 

Dragonflies  are  found  in  all  parts  of  the  world,  and  are  so 
well  known  that  a  description  is  hardly  necessary  (Plate  I, 
Figs .  1  and  3) .  The  larger  forms  are  powerful  insects  on  the  wing 
and  may  be  seen  hunting  smaller  insects  over  water  or  in  forest 
glades.  Colours  are  brilliant  as  a  rule  and  often  metallic. 
Their  significance  is  possibly  warning,  in  some  cases. 

The  head  is  provided  with  powerful  biting  mouth-parts, 
the  mandibles  being  thick  and  strongly  toothed.  Antennse 
are  considerably  reduced  and  are  filiform.  There  are  two 
large  compound  eyes  and  three  ocelli.  The  prothorax  is 
small  and  movable,  the  meso-  and  meta- thorax  being  fused  as  a 
synthorax.  The  wings  are  equal  or  sub-equal,  closely  net- 
veined,  and  placed  far  back  on  the  thorax.  The  subcosta 
terminates  near  the  middle  of  the  anterior  border  of  wing  at  a 
thickened  cross-vein,  forming  a  joint,  the  nodus.  A  ptero- 
stigma  is  generally  present  near  the  wing  apex.  The  radius 
is  simple  or  once-branched.  The  legs  are  placed  well  forward 
and  are  adapted  for  catching  and  holding  prey,  being  of  little 
use  for  walking.  The  abdomen  is  long,  with  ten  complete 
segments.  In  the  male  there  is  a  complex  copulatory  pouch 
in  the  anterior  part  of  the'  abdomen,  formed  from  the  sternites 
of  segments  two  and  three.  At  the  posterior  extremity  there 
are  claspers,  which  serve  to  distinguish  the  sexes  and  also 
aSord  valuable  specific  characters.  The  genital  pore  is  on  the 
ninth  sternite.  The  female  may  be  provided  with  an  ovi- 
positor ;  the  genital  pore  is  between  sternites  eight  and  nine. 

The  early  stages  of  all  dragonflies  are  passed  in  water. 
Eggs  are  laid  in  two  ways  :  (1)  In  plants  ;  (2)  In  water. 
Oviposition  in  plaiits  occurs  in  those  forms  possessing  an 
ovipositor,  viz.  all  the  Zygoptera  and  also  the  JEschnince  and 
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Petalmince  of  the  Aniso^tera,.  The  female  makes  an  incision 
in  the  tissues  of  plants  in  or  near  the  water.  In  snch  cases  the 
egg  is  of  elongate  form.  In  those  species  practising  oriposition 
in  water,  the  female  dips  her  abdomen  into  the  water  and 
drops  eggs  freely.  The  egg  is  rounded.  In  some  genera,  e.g. 
Sym^eirwm,  eggs  are  laid  in  gelatinous  ropes,  attached  to  sub- 
merged objects,  and  containing  many  hundreds  of  eggs.  The 
embryology  is  peculiar,  and  includes  a  revolution  of  the  emhryo 
within  the  egg.  After  three  weeks  or  less  the  egg  hatches  as  a 
pronymph.  This  stage  is  of  only  a  few  seconds' duration  as  a 
rule,  and  then  the  second-instar  nymph  emerges  from  the 
pronymphal  skin.  In  Lestes,  eggs  are  laid  in  stems  of  osiers, 
etc.,  and  the  pronymph  on  emerging  from  the  stem  jumps 
clear  and  on  to  the  water  before  the  second-instar  nymph 
appears.  There  are  from  eleven  to  fifteen  instars,  growth 
taking  place  gradually  and  the  wings  deyeloping  externally. 

Thenjrmph  (Plate  I,  Figs.  2  and  3)  is  shorter  and  stouter  than 
the  imago  and  aq[uatic  in  habits.  There  are  compound  eyes, 
but  ocelli  are  absent  except  in  late  nymjhal  life,  and  then  only 
in  the  Zygoptera  are  they  clearly  visible.  Antennae  are  fili- 
form Eund  longer  than  those  of  the  imago.  The  month-parts 
are  of  carnivorons  hiting  type  as  in  the  imago,  hnt  the  lahium 
is  highly  modified  to  form  a  flat,  elongated,  jointed  organ  of 
prehension,  the  mask.  The  legs  are  longer  and  more  easily 
movable  than  in  the  imago.  The  wings  develop  gradually, 
externally.  In  the  Zygo'ptera  (Plate  I,  Tig.  3)  the  nymph  has 
three  lamellate  caudal  gills  at  the  extremity  of  the  abdomen, 
and  in  a  few  genera  of  this  sub-order  there  may  he  lateral 
abdominal  gills  on  segments  two  to  eight.  In  the  nymph  of 
A%isoptera,  the  rectum  is  harrel-shaped  and  serves  for  respira- 
tion. There  are  six  longitudinal  sets  of  gills,  projecting  in- 
wards.  Water  is  drawn  in  to  bathe  these  giUs  and  it  can  he 
expeled  rapidly  should  the  animal  wish  to  propel  itself  sud- 
denly forwards.  A.  gizzard  with  chitinous  teeth  is  more 
strongly  developed  in  the  nymph  than  in  the  adult.  The  mid- 
gut in  both  nymph  and  imago  has  no  caeca.  There  are,  in  the 
newly  hatched  nymph,  only  three  Malpighian  tubules,  but  with 
growth  these  increase  in  number  and  are  finally  very  nnmeioiis. 

In  a,ll  stages  (except  the  pronymph)  the  nymph  is  predaceous, 
capturing  smaller  insect  larvae, -etc.,  hy  rapidly  shooting  out 
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the  mask,  seizing  its  prey,  and  bringing  it  back  to  the  mouth 
to  be  devoured  by  the  powerful  mandibles.  Zygopterous 
nymphs  (Plate  I,  Fig  3)  are  more  delicate  and  slender  than  those 
of  the  Anisoptera  ;  they  generally  live  among  water  weeds.  Ani- 
sopterous  nymphs  (Plate  I,  Fig.  2)  are  stouter  in  build,  without 
the  three  caudal  gills  found  in  the  Zygoptera.  Nymphs  of  these 
usually  lurk  at  the  bottom  of  ponds,  or  in  swamps,  concealed 
in  mud  or  debris,  although  some  are  cryptically  coloured  and 
have  similar  habits  to  the  Zygoptera,  When  about  to  assume 
the  adult  form,  the  full-grown  nymph  ascends  a  reed  stem,  or 
walks  up  the  bank  out  of  the  water,  and  here,  after  the 
nymphal  skin  has  split  dorsally,  the  adult  insect  emerges,  and 
attains  the  perfect  form. 

The  imagines  hunt  insects  on  the  wing  and  are  of  value  in 
checking  Tabanids,  mosquitoes,  and  other  insects  living  in  or 
near  swamps.  There  have  been  few  records  of  dragonflies 
feeding  on  mosquitoes,  but  Tillyard  records  several  definite 
cases  observed  by  him.  A  slight  amount  of  damage  may  be 
caused  by  the  nymphs  of  dragonflies  feeding  upon  young  fish. 

There  is  not  more  than  one  brood  in  the  year,  as  a  rule,  and 
often  two  or  three  years  may  be  passed  as  a  nymph.  Hibern- 
ation is  generally  in  the  nymphal  state,  but  in  some  species 
as  egg  or  adult. 

Dragonflies  are  preyed  upon  by  various  insectivorous 
animals  and  birds,  smaller  forms  are  often  devoured  by  their 
larger  relatives.  Minute  hymenopterous  parasites  destroy 
the  eggs. 

There  are  many  works  on  the  Odonata  :  Martin,  Cordulines, 
Coll  Zool.  Selys,  Fasc.  XVII  (1906).  Martin,  JEschnines,  Coll, 
Zool  Selys,  Fasc.  XVIII-XX  (1908-9),  and  Gen.  Ins.  Fasc.  115 
(1911)  and  155  (1914).  Ris,  Libellulinen,  Coll.  Zool.  Selys, 
Fasc.  IX-XVI  (1909-13).  Tillyard,  The  Biology  of  Dragon-flies 
(1917). 

The  British  species  have  been  described  by  Lucas,  in  his 
book  on  British  Dragonflies,  1900.  Tillyard,  1917,  also  gives  a 
condensed  account  of  all  the  British  species. 

The  number  of  species  recorded  in  the  world  is  about  2,500, 
of  which  42  are  British. 

The  order  Odonata  is  divided  into  three  sub-orders,  Anisop- 
tera, Anisozygoptera,  and  Zygoptera. 
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The  ANISOPTERA  (Plate  I,  Fig.  1)  are  geaera,lly  of  stout 
build,  the  wings  are  held  horizonta/Uy  when  at  rest,  and  not 
with  upper  surfaces  opposed.  The  Tenation  (Fig.  7)  comprises 
a  triangle.  Compound  eyes  are  large,  often  meeting  in  the 
mid-dorsal  line,  neTer  separated  by  a  distance  greater  than 
their  own  diameter.  Aa  ovipositor  may  "be  present,  or  reduced, 
l^ymph  stout  (Plate  I,  Fig.  2),  with  rectal  gills  and  no  lamellate 


Fig.  7. — ^Diagram  of  Anisopterid  Wing. 


caudal  gills.  Gizzard  with  four  to  eight  radially  symmetrical 
fields.  There  are  two  families,  j^schnidcB  and  Libellulidce, 
which  are  subdivided  into  several  sub-families  and  tribes. 

The  ANISOZYOOtTERA  was  first  established  hy  Hand- 
lirschand  includes  one  remartable  existing  genus  Epiophlebia. 
Until  1921,  -when  Tillyard  described  the  nymph  of  E.  laidlawi 
from  the  Himalayas,  there  was  only  one  species,  E,  super stes 


Fia.  8. — ^Diagram  of  Zygopterid  "Wing. 


of  Japan.  EjiiopTilebia  possesses  some  characters  of  both  the 
orders  Anisoj^tera  and  Zygoj^iera.  Anisopterous  characters 
are  the  shape  and  build  of  the  body  of  the  imago,  the  general 
facies  of  the  nymph,  the  labial  mask  and  anal  appendages. 
Wing  venation  is  as  in  the  Zygoptem,  The  gizzard  is  also  of 
zygopterons  pattern.  There  is  only  one  family,  Epicphlebiidce, 
with  two  species. 

The  ZYGOPTERA  (Plate  I,  Fig.  3)  are  the  slender-bodied 
dragonflies  known  as     Demoiselles."    Both  fore-  and  hind- 
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wings  (Fig.  8)  are  equal  and  closely  sinailar.  The  dis- 
coidar'  cell  is  quadrilateral,  not  triangular.  Wings  held  back 
over  abdomen  vertically,  with  upper  surfaces  opposed  when 
at  rest.  Compound  eyes  small,  separated  by  a  space  greater 
than  their  dorsal  diameter.  Ovipositor  always  present.  The 
nymph  is  slender,  with  three  caudal  gills,  and  the  rectum, 
though  also  respiratory,  is  devoid  of  true  rectal  gills.  Gizzard 
with  eight  to  sixteen  radially  symmetrical  fields.  There  are 
three  families,  Calopterygidce,  Lestidce,  and  Agrionidce. 

For  an  account  of  the  nymphs  of  European  species  of 
Odonata  see  also  Larves  et  Nymjihes  aquatiques  des  Insecies 
d'Hnrope  by  Rousseau,  1921. 


EMBIOPTEEA 


Small,  elongate,  soft-l)odied  insects,  with  simple  antennse 
aad  short  anal  cerci.  Wings  when  present  are  small  and 
eqtnal,  with  indefinite  yenation.  Month-parts  mandit)nlate. 
Prothorax  small,  meso-  and  meta-thorax  elongate.  Abdo- 
men of  ten  segments.  Gregarious  insects,  living  in  silken 
tunnels . 

This  order  consists  of  the  single  family,  Embiidce^  which  was 
formerly  placed  in  Newopiera,  or  was 
grouped  with  the  Psocidce   and  the 
Termiiida  to  form  the  order  Corro- 
deThtia. 

Embiids  comprise  a  small  numher 
of  species,  about  seyenty  having  heen 
described.  They  are  widely  distributed 
in  tropical  and  sub-tropical  regions. 
None  are  indigenous  to  Britain,  hut 
one  species,  Oligotoma  michaeli,  has 
heen  recorded  from  a  hot- house  in 
London,  where  it  was  believed  to 
have  been  imported  with  orchids  froxa 
India. 

Embiids  are  elongate,  dark  or  dull 
coloured,  and  very  small.  In  length 
they  seldom  exceed  i  in.,  but  the 
largest  known  species,  JSmbid  major, 
described  from  the  Himalayas  by 
Imms  in  1913,  sometimes  attains  a  Fig.  ^.-—Donaconethis 
length  of  i  in.  The  head  is  large  and  c^ymmca,  Enderl.  ? . 
distinct,  with  compound  eyes  and  (Adapted  from  Enderlein.) 
long  simple  antennae  of  about  fifteen 

to  thirty  joints.  The  mouth-parts  are  mandibulate  with 
an  imperfectly  divided  labium.  The  thoracic  segments  are 
distinct  ;  the  prothorax  being  much  smaller  than  the  two 
remaining  segments.  Wings  are  present  in  the  males  of  most 
known  species  and  in  the  females  of  a  few.   There  are  two 
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pairs,  which  are  in  no  way  connected.  There  is  no  diflPeren- 
tiation  between  fore-  and  hind- wings  :  both  are  long,  narrow,  and 
usually  smoky-coloured.  The  venation  is  weak,  and  there  are 
very  few  cross- veins.  The  thoracic  segments  do  not  exhibit 
any  strengthening  or  fu§ion  for  the  purposes  of  flight.  The 
abdomen  is  long  and  consists  of  ten  segments  :  in  the  female 

the  genital  aperture  is 
found  on  the  under- 
sxirface  of  the  seventh 
segment.  The  external 
genitalia  of  the  male 
are  situated  on  the 
last  abdominal  seg- 
ment. They  consist  of 
a  small  conical  pro- 
tuberance, on  which 
the  genital  duct  opens, 
and  a  pair  of  styles, 
which  are  asymmetric- 
ally arranged  on  each 
side  of  it.  In  both 
sexes  the  last  abdo- 
minal segment  bears  a 
pair  of  anal  cerci. 
These  are  short  and 
composed  of  two 
joints :  like  the  geni- 
talia, they  are  asym- 
metrical in  the  male. 
The  legs  are  short  and 
adapted  for  running, 
with  three-jointed  tarsi. 
In  the  fore-legs  the 
basal  tarsal  joint  is  enlarged  and  glandular.  Silk  is  pro- 
duced by  both  adults  and  nymphs  of  both  sexes,  and  it 
is  believed  by  some  authors  to  be  produced  from  these 
tarsal  glands.  Enderlein,  however,  considers  that  the  silk  is 
produced  from  glands  which  open  on  the  labium  :  the  fore-legs 
are  used  in  spinning  operations,  and  he  believes  that  the 
secretion  derived  from  the  tarsal  glands,  which  is  thin  and 
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-Donaconethis  abyssinica,  Enderl.  ^ . 
{X  4.) 
(Adapted  from  Enderlein.) 
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watery,  is  in  the  nature  of  a  lubricant,  and  prevents  the  silk 
from  adhering  to  the  legs. 

The  alimentary  canal  is  well  developed.  The  stomach  is 
long  and  slender,  without  diverticula.  In  the  adult  there  are 
twenty  malpighian  tubules.  There  is  a  single  tracheal  system, 
with  ten  pairs  of  stigmata,  two  being  situated  on  the  thorax 
and  eight  on  the  abdomen.  The  gonads  in  the  male  are  very 
large  ;  each  testis  consists  of  five  lobes.  There  are  two  seminal 
vesicles  and  two  pairs  of  accessory  glands.  The  ovaries  in  the 
female  consist  each  of  five  egg  tubes  which  open  into  a  straight 
duct. 

The  Embiids  are  gregarious,  living  in  damp  warm  situations 
in  nests  composed  of  silken  tunnels,  which  they  weave  by 
means  of  their  fore-legs.  In  the  tunnels  they  run  rapidly  either 
backwards  or  forwards,  in  the  former  case  apparently  using 
the  anal  cerci  as  antennae.  The  tunnels  are  placed  under  bark, 
stones,  or  in  other  situations  where  there  is  abundant  moisture  ; 
an  Indian  species  has  been  found  in  the  sheathing  leaves  of 
Bamboo,  but  only  those  leaves  which  have  been  bored  by  a 
Scolytid  beetle  are  so  favoured.  The  food  probably  consists 
of  vegetable  matter.  Winged  species  fly  at  dusk,  and  will 
readily  come  to  light. 

Eggs  are  laid  by  the  females  in  the  galleries  ;  they  are  small, 
white  and  oval,  and  hatch  to  nymphs  which  are  similar  to  the 
adults  except  in  size,  colour,  and  lack  of  wings.  They  are  white 
at  first,  gradually  becoming  darker,  and  attain  full  growth  in 
two  or  three  ins  tars.  The  female  watches  over  the  eggs,  and 
guards  the  young  nymphs  at  first. 

Embiids  are  of  no  economic  importance.  Enderlein  recog- 
nizes two  families,  OUgotomidce,  with  one  genus  and  Embiidce 
with  eight  genera.  He  describes  sixty  species,  but  others  have 
since  been  described  by  Imms  (1913),  and  Navas  (1916). 

The  more  important  authors  are  :  Hagen  (monograph), 
1885;  Grassi,  1893;  Enderlein,  1909;  Enderlein  (monograph), 
1912;  Krauss  (monograph),  1911. 


ORTHOPTERA 

First  pair  of  wings,  or  tegmina,  thickened,  with  parallel 
sides.  Hind -wings  are  membranous,  folding  fanwise  under 
tegmina,  but  both  often  absent.  Mouth-parts  biting,  anal 
cerci  always  present,  and  metamorphosis  slight  and  gradual. 

The  Orthoptera  form  a  large  and  important  order  of  fairly 
uniform  character.  It  is  composed  of  comparatively  largo 
insects,  none  being  very  minute,  while  some  of  the  largest 
are  included.  Plight  as  a  whole  is  not  a  marked  feature,  and 
in  some  the  alar  organs  are  useless  for  flying  purposes  and  may 
be  used  solely  for  the  production  of  sound,  which  is  a  feature 
of  some  of  the  families.  The  colour  is  usually  cryj)tic  but 
protective,  deceptive  and  warning  coloration  is  al)un(lant. 
Mimicry  of  plant-structure  is  especially  well  developed  in  the 
Phasmidce,  and  several  young  forms  mimic  insects  of  otlu^r 
orders.  A  Sudanese  member  of  the  family  Locusitdm  is 
specially  formed  to  simulate  an  ant. 

The  order  is  more  tropical  than  temperate,  but  is,  neverthc^- 
less,  very  well  distributed. 

The  body  structure  is  primitive,  all  segments  being  clearly 
visible  with  little  fusion.  The  prothorax  is  free  and  tlu^.  other 
thoracic  segments  well  defined.  There  are  ten  abdominal  s(*g- 
ments,  with  part  of  the  eleventh,  the  ninth  segment  carrying 
the  genital  aperture,  and  the  tenth  the  anus  as  well  as  the 
segmented  cerci.  The  male  may  be  provided,  in  addition, 
with  a  pair  of  styles.  The  mouth-parts  are  hypognathous  and 
mandibulate  with  either  blunt  or  sharp  mandibles  according 
to  the  habits.  There  is  a  large  labrum,  the  palpi  are  well 
developed,  and  a  hypopharynx  formed  into  an  efficient  tongue. 
The  maxillae  are  slightly  reduced,  and  the  labium  is  dividc^l 
medianly.  The  head  is  large,  capable  of  considerable  move- 
ment in  some,  and  bears  the  compound  eyes,  simple  antennae 
and  generally  ocelli.  The  tegmina  are  coriaceous  and  may  not 
be  used  in  flight ;  when  at  rest  they  are  folded  over  one  another 
flat  along  the  back.  The  hind  wings  vary  greatly  in  colour 
from  the  tegmina,  especially  in  females,  and  have  nervures 
radiating  from  the  point  of  attachment  with  short  cross-veins 
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forming  a  network.  In  the  leaf-simulating  species  the  veins 
of  the  tegmina  are  arranged  in  such  a  manner  as  to  resemble 
exactly  the  veins  of  the  actual  leaf.  The  legs  are  long  and 
formed  either  for  running  or  jumping.  The  female  may  be 
provided  with  an  ovipositor  and  is  generally  larger  than  the 
male.  Where  there  are  sound  productive  modifications,  the 
male  is  generally  the  only  one  possessed  of  them,  but  there 
are  exceptions.  These  sound  producing  organs,  which  are 
characteristic  of  the  Acridiidce,  Locustidce,  Gryllidce,  are 
special  modifications  of  the  part  of  the  body  on  which  they 
are  situated.  In  some  members  of  the  Locustidce  the  tegmina 
are  used  solely  for  the  production  of  sound,  and  the  pronotum 
may  be  enlarged  so  as  to  protect  them  without  in  any  way 
arresting  their  action,  giving  a  peculiar  hooded  appearance  to 
the  insect.  When  the  stridulating  organ  is  situated  on  the  body, 
the  latter  may  be  specially  enlarged  so  as  to  facilitate  the  pro- 
duction of  a  greater  volume  of  sound.  The  function  of  the  strid- 
ulating organs  is  largely  that  of  a  secondary  sexual  character. 

The  alimentary  system  is  not  complicated,  and  may  bo 
provided  with,  a  large  crop  and  a  gizzard  with  horn-like  ridges. 
Salivary  glands  and  receptacles  arc  usually  large,  and  the 
Malpighian  tubules  numerous.  According  to  Heymons  there 
are  originally  eleven  pairs  of  ganglia,  of  which  three  are  thoracic, 
but  the  eleventh  soon  becomes  merged  into  the  tenth.  In  a 
few  the  tracheae  are  fitted  with  numerous  reservoirs.  Repro- 
duction by  means  of  fertilized  eggs  is  general  but  not  universal. 
Eggs  may  be  laid  singly  or  in  cases  containing  one  or  many. 
Periods  of  development  in  the  egg  vary  from  three  weeks  in 
the  tropics  to  eight  or  nine  months  in  colder  regions,  but  as  a 
whole  they  may  be  said  to  be  long.  The  embryo  is  provided 
with  a  large  quantity  of  yolk,  and  breaks  the  egg-shell  on 
hatching  by  means  of  an  egg  tooth  on  the  head. 

The  young  nymph  is  similar  to  the  adult,  but  softer,  of  a 
different  colour  and  always  wingless.  There  is  a  uniform 
succession  of  about  five  ecdyses  with  an  increase  of  size  after 
each  one.  The  wings  usually  appear  at  the  second,  accom- 
panied by  some  modification  in  the  structure  of  the  thorax. 
The  imago,  which  is  active  and  long-lived,  is  either  herbivorous 
or  carnivorous,  but  a  few  may  partakeof  both  varieties  of  food. 
Hibernation  is  almost  always  in  the  egg  stage.   The  habits  arc 
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quite  uniform  J  only  one  species  bores  into  plants,  and  only  a  few 
are  truly  aquatic .  The  ma j  or ity  either  burrow  or  lead  free  lives 
on  the  surface  of  the  ground.  The  various  natural  enemies  will 
be  more  conveniently  dealt  with  under  the  separate  families. 

Of  the  older  authorities  on  the  group,  Brunner  von 
Wattenwyl,  Saussure,  and  Redtenbacker  may  be  consulted 
when  necessary.  The  principal  modern  publications  may  be 
looked  for  under  the  following  names  and  dates  :  Tumpel 
(1901),  Kirby's  Catalogue  (1904),  Schwabe  (1906),  Caudell 
(1907),  Ruthven  (1911),  Caudell  (1911),  Caudell  (1916  and 
1917),  Lucas,  British  Orthopiera  (1920).  Bolivar  is  the  present 
European  authority  whose  works  should  be  consulted. 

Lucas  gives  thirty-one  species  as  indigenous  to  Britain,  eight 
naturalized  aliens,  and  a  number  of  casual  visitors.  On  the 
whole  this  country  is  not  very  well  provided  with  members 
of  the  order.  There  are  some  five  hundred  species  in  Europe, 
and  the  world  species  probably  number  ten  thousand. 

The  economic  importance  of  the  group  is  centred  in  the 
family  Acridiidce  which  contains  all  the  locusts  which  have  been 
recorded  as  serious  plagues  since  the  dawn  of  history.  Other 
families  have  some  importance,  but  it  is  overshadowed  by  the 
devastating  powers  of  locust  swarms. 

The  order  was  divided  into  two  groups,  the  Cursoria  with 
four  families,  and  the  Saltatoria  with  three.  The  families 
which  were  classed  among  the  Cursoria  are  very  distinctly 
divided  one  from  another,  while  in  the  Saltatoria  they  are  much 
more  closely  allied  ;  indeed  it  is  extremely  difficult  to  place 
some  species  definitely  in  one  family  or  the  other,  and  this 
group  will  no  doubt  be  split  up  into  a  greater  number  of  families 
when  it  has  been  studied  more. 

We  have  adopted  the  classification,  whereby  Forficulidce,, 
Arixenidce,  and  Hemimeridce  may  be  a  separate  order,  and 
also  the  inclusion  of  Grylloblaitidce  nullifies  the  distinction 
of  Cursoria  and  Saltatoria  ;  nature  unfortunately  works  in 
degrees  and  not  in  clean-cut  divisions,  so  we  adopt  the  system 
of  seven  families,  not  divided  into  two  groups.  It  is  with 
reluctance  that  we  place  Hemimerus  with  Dermaptera ;  it  is 
probably  linked  to  Blattidce ;  but  no  mechanical  system 
dealing  with  groups  in  sequence  can  adequately  express  the 
relationships  of  evolved  forms:  the  student  may  remember 
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that  probably  Dermaptcra  are  closely  linked  to  Orihoptera. 
The  following  is  the  family  sequence  adopted,  and  the  diag- 
nostic characters  of  the  families  : —  % 
Blatiidx.    Running  legs.    Large  coxae.    Head  concealed  under 

pronotum.    No  external  ovipositor.    Cerci  jointed.  Male 

with  styles. 

Mantidce.    Long  raptorial  fore-legs.    Long    pronotum.  No 

external  ovipositor.    Cerci  jointed.    Male  with  styles. 
Phasmidce.   Long  clinging  legs.    Prothorax  short.   Cerci  not 

jointed.   No  ovipositor,  but  ventral  processes. 
Acridiidce,    Jumping  hind-legs.    Cerci  jointed.  Two  pairs  of 

digging  processes  in  female.  Tarsi  three- jointed.  Antennae 

short.  Auditory  organ  on  abdomen. 
Locustidce,  Jumping  hind-legs.  Cerci  not  jointed.  Ovipositor 

of  three  pairs  of  processes,  usually  laterally  compressed. 

Male  with  styles.    Antennae  long.     Tarsi  four-jointed. 

Auditory  organ  on  fore  tibia. 
Grylloblatiidoi.    Running  legs.    Cerci  jointed.    Ovipositor  of 

three  pairs  of  processes,  asymmetric.  Tarsi  j&ve-jointed. 
Gryllidcxi.    Jumping  hind-legs.    Cerci  not  jointed.  Ovipositor 

of  two  pairs  of  pl^ocesse^?,  cylindrical.  Tarsi  three-jointed. 

No  styles.  Auditory  organ  on  fore-leg. 
It  is  very  unfortunate  that  the  Locusts  should  not  form  part 
of  the  family  Locustidce,  and  to  avoid  confusion  Kirby  uses 
another  set  of  terms  in  which  the  Acridiidce  are  called  Locus- 
tidce, the  Locustidce  become  the  Phasgonuridce,  and  the 
Oryllidce  the  Achetidce.  It  has  been  thought  better,  however, 
to  adhere  to  the  old  names.  It  should  be  noted  that  a  periodi- 
cal Cicada  is  called  a  "  Locust  "  in  the  United  States. 

Blattid^, 
Cockroaches,  Blackbeetles.  Roaches. 

Broad,  flat  insects,  with  large  pronotum  completely 
shielding  head,  which  is  bent  downwards.  Coxae  large  and 
free,  covering  ventral  surface  of  thorax  and  base  of  abdomen. 

The  common  cockroach,  or  so-called  blackbeetle,  so  common 
in  houses,  is  a  typical  member  of  the  family  Blattidse,  except 
that  the  female  is  practically  wingless. 
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Cockroaches  are  moderately  large  insects,  nearly  always 
coloured  in  browns  or  blacks,  but  some  tropical  ones  are  vividly 
coloured  in  blacks,  orange-yellows  and  greenish  tints.  One 
form  has  the  antennse  banded  in  shades  of  white  and  red ;  a 
species  from  Brazil  rolls  itself  up  like  a  woodlouse,  and  yet 
another  unusual  form  in  Madagascar  has  projections  on  the 
sides  of  the  thorax.    They  are  very  quick  on  their  feet  and 


Fig.  11. — Periplaneta  americana  (about  nat.  size). 


not  easy  to  hold  when  caught.  There  are  many  more  species 
in  tropical  than  temperate  regions,  but  certain  species  have 
been  distributed  all  over  the  world  on  ships. 

The  chitinous  covering  is  generally  soft ;  the  pronotum  is 
like  a  shield  covering  the  head,  although  in  one  species  this 
does  not  occur.  In  some  apterous  forms  the  posterior  angles 
of  the  pronotum  extend  backwards.  The  stemites  of  the 
thorax  are  rudimentarjr,  possibly  owing  to  the  protection 
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afforded  by  the  large  coxae.  In  some  there  is  a  small  portion 
of  the  integument  covered  by  a  much  thinner  membrane,  near 
the  base  of  each  coxa,  which,  it  has  been  suggested,  are  extra 
sense  organs.  The  thorax  is  articulated  to  the  abdomen  by 
means  of  six  cervical  sclerites.  The  abdomen  itself  is  composed 
of  ten  segments,  but  all  of  them  are  not  readily  visible,  and  the 
segments  vary  according  to  age,  sex,  and  species,  the  posterior 
segments  being  invaginated.  The  anal  cerci  spring  from  the 
tenth  segment.  They  are  flat  and  segmented  and  vary  in 
size  and  length,  and  are  absent  in  a  few.  They  are  reduced 
in  the  wingless  forms.  Near  the  anus  are  two  plates,  one  on 
each  side,  known  as  the  Podical  Plates,  which  Huxley  con- 
sidered might  represent  the  tergites  of  an  eleventh  segment. 
Odoriferous  glands  are  scattered  over  the  dorsal  surface  of  the 
abdomen,  or  may  be  concentrated  on  two  or  more  segments, 
and  give  rise  to  the  peculiar  odour  associated  with  these  insects. 

The  mouth-parts  are  of  the  normal  biting  or  crushing  type, 
the  mandibles  being  short,  blunt  and  heavy.  The  palpi  are 
well  developed,  and  the  labium  is  fused  medianly.  The  head 
is  bent  down  under  the  prothorax,  but  can  be  lifted  up  to  some 
extent,  throwing  the  mouth-parts  forward.  The  under  surface 
of  the  head  is  composed  largely  of  the  huge  submentum.  There 
is  a  large  clypeus.  Small  areas  of  lighter  colour  are  present 
near  the  antennae,  known  as  the  fenestras.  The  eyes  are  large 
and  emarginate  to  allow  for  the  insertion  of  the  antennae.  In 
the  males  of  some  species,  ocelli  replace  the  fenestras.  The 
antennae  are  very  long  and  flexible,  being  composed  of  a  large 
number  of  similar  joints  up  to  a  hundred  in  number. 

The  tegmina  are  very  variable  in  form,  very  large  in  some, 
absent  entirely  in  others.  The  wings  are  also  variable,  being 
sometimes  absent,  in  others  very  large,  as  is  the  case  in  a 
Pacific  genus  in  which  they  are  larger  than  the  tegmina.  They 
are  often  very  different  in  the  sexes  of  the  same  species.  The 
legs  are  long  and  fairly  large  with  enormous  coxae  and  distinct 
trochanters.  Many  large  spines  adorn  the  tibiae  and  femora, 
and  the  tarsi  are  five-jointed,  the  fifth  joint  being  long,  with 
two  claws  and  often  an  arolium.  In  some  cases  the  basal 
four  tarsal  joints  are  padded  on  the  lower  surface.  There  are 
two  thoracic  spiracles  which  are  fairly  large,  and  eight  smaller 
ones  situated  on  the  abdomen.   The  sternite  of  the  seventh 
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segment  in  the  female  has  the  posterior  portion  boat-shaped, 
to  assist  in  discharging  the  egg-case,  and  it  is  larger  than  the 
others.  This  plate  is  known  as  the  Lamina  subgenitalis,  and 
corresponds  with  the  sternite  of  the  ninth  segment  in  the 
male.  The  Lamina  supra-analis,  or  the  tenth  tergite,  also 
differs  somewhat  in  the  two  sexes.  In  addition  to  the  cerci 
the  male  is  provided  with  a  pair  of  styles.  Nymphs  of  both 
sexes,  however,  possess  these  styles,  but  they  are  lost  by  the 
female  during  one  of  theecdyses.  In  some  males  the  styles  are 
not  present,  or  one  only  may  be  missing,  in  which  case  it  is 
represented  by  a  notch.  Males  are  smaller  than  females,  and 
if  there  is  a  difference  in  the  alar  organs  of  the  two  sexes,  it  is 
the  male  which  has  them  in  the  most  complete  form.  The 
difference  between  the  sexes  is,  on  occasion,  so  great  that  they 
would  appear  at  first  sight  to  belong  to  two  different  species. 

The  internal  organs  have  been  the 
subject  of  much  study,  and  are 
familiar  to  all  students  of  zoology. 
There  is  a  large  crop  and  a  small 
gizzard  with  tough  walls,  eight  hepa- 
tic caeca  and  numerous  fine  Malpighian 
Fig.  12.— Cockroach  Egg-  tubules.  The  salivary  glands  are  large 
case.  (X  4.)  and  furnished  with  receptacles.  The 

tracheal  system  is  well  developed, 
and  there  are  three  thoracic  and  six  abdominal  ganglia. 
The  ovaries  consist  of  eight  egg  tubes,  each  opening  to  a 
common  oviduct,  the  latter  joining  with  the  corresponding  one 
on  the  other  side  in  a  common  uterus,  which  is  surrounded 
by  a  diffuse  coUeterial  gland.  An  organ  which  may  be  a 
spermatheca  opens  into  the  cloaca.  The  testes  consist  of  thirty 
to  forty  vesicles  situated  on  a  tube  which  forms  the  vas  deferens. 
A  large  mushroom-shaped  gland  opens  into  the  vesiculae 
seminales.  The  testes  are  not  active  in  the  adult,  their 
functional  activity  being  lost  after  the  last  ecdysis,  and  the 
spermatazoa  are  stored  in  the  vesiculae  seminales  until  required. 
The  conglobate  gland  of  Miall  and  Denny  opens  on  the  exterior 
portion  of  the  gonapophyses.  Copulation  takes  place,  but 
how  the  eggs  are  actually  fertilized  is  not  clear.  The  egg- 
case  is  formed  in  the  uterus  and  completed  long  before  it  is 
deposited.   In  some  it  is  retained  within  the  female's  body  and 
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the  young  roaches  are  born  alive.  It  can  often  be  seen  half 
out  of  the  mother's  body,  and  in  this  condition  is  sometimes 
carried  around  for  some  time. 

Owing  to  the  retiring  nature  of  these  insects  little  is  known 
about  their  life-history.  It  is  certain,  however,  that  they  are 
very  long-lived  for  insects,  and  most  probably  take  five  years 
to  reach  maturity,  having  cast  their  skins  about  seven  times 
in  the  process.  Periplaneta  americana  is  said  to  take  four 
years  to  reach  maturity,  but  on  the  other  hand  Phyllodromia 
is  said  to  become  adult  in  a  few  months.  The  case  in  which 
the  eggs  are  laid  varies  in  size  and  shape  according  to  species, 
but  is  generally  something  like  a  miniature  gladstone  bag 
without  handles.  It  contains  about  sixteen  eggs  which  are 
cigar-shaped  and  arranged  in  a  double  row,  the  embryos  being 
orientated  so  that  they  face  one  another.  The  case,  when 
filled  with  eggs,  is  carried  about  by  the  female  for  some  time 
before  it  is  actually  deposited.  As  already  stated,  some  are 
viviparous,  and  in  some  cases  the  oothecum  is  wanting.  The 
eggs  do  not  hatch  for  some  time,  sometimes  considerable  periods 
elapsing  before  the  nymphs  emerge.  When  the  eggs  hatch 
the  egg-case  splits  along  the  line  of  junction  of  the  two  ridges, 
owing  to  the  expansion  of  the  eggs  in  hatching,  and  possibly 
also  on  account  of  some  softening  fluid  secreted  by  the  embryos. 
The  nymph  is  generally  similar,  but  at  times  very  different  in 
appearance  to  the  imago.  It  has  fewer  segments  to  the 
antennae  and  cerei,  and  is  paler  in  colour  than  the  adult,  and 
at  first  it  is  almost  white,  with  black  eyes.  There  are  at  least 
five,  more  probably  seven  moults,  the  wings  completing  their 
development  at  the  last  ecdysis,  in  which  the  terminal  seg- 
ment of  the  abdomen  also  becomes  somewhat  modified. 

Both  the  nymph  and  imago  are  very  q[uick  moving,  appearing 
to  glide  rather  than  run  over  the  ground.  Both  are  nocturnal 
and  show  great  distaste  for  light.  Most  of  the  family  are 
free  living  species  in  the  open,  a  few  have  become  domesticated, 
and  a  few  are  aquatic  in  the  Eastern  tropics.  The  males  of 
the  genus  Heterogamia  are  remarkable,  inasmuch  that  they 
have  been  recorded  as  coming  to  light.  The  household  species 
are  gregarious.  All  assiduously  comb  themselves  with  the 
spines  on  their  legs  and  pass  their  antennae  through  their 
mouth-parts  to  clean  them.    The  food  of  cockroaches  is  not 
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restricted  to  any  one  article  and  may  consist  of  any  animal  or 
vegetable  matter,  their  own  cast  skins  and  egg-cases,  or  the 
dead  bodies  of  their  own  species.  All  sorts  of  curious  things 
such  as  blacking  and  emery  paper  have  been  recorded  as  having 
been  eaten  by  them,  but  according  to  one  authority  cucum- 
bers disagreed  with  them  horribly."  None  has  been  recorded 
as  feeding  on  living  plants.  Human  food  is  of  course  often 
spoilt  by  the  foetid  smell  which  they  leave  behind  them. 

It  is  noticeable  that  only  one  species  is  found  in  one  locality, 
two  or  more  never  seeming  to  fraternize.  Cockroaches  have 
also  been  known  to  migrate  in  a  body  from  one  house  to  another 
without  any  apparent  reason.  Hibernation  if  necessary  may 
take  place  at  any  stage,  but  there  usually  is  none.  These 
insects  are  very  sensitive  indeed  to  cold,  and  extremes  of 
climate  will  stop  breeding  at  once.  The  outdoor  species  may 
be  found  among  fallen  leaves,  under  stones,  in  thick  grass  and 
other  such  concealed  localities,  whereas  the  domesticated 
species  are  found  in  cracks  and  under  floors,  preferably  in  such 
warm  places  as  kitchens  and  bakehouses.  They  arc  preyed 
upon  by  birds,  rats,  spiders,  and  other  such  animals.  Fossorial 
wasps  enter  houses  in  search  of  them  and  an  Evaniid  oviposits 
in  the  egg  masses.  Centipedes  probably  feed  on  them,  and 
Nematodes  form  internal  parasites.  In  the  alimentary  canal 
there  is  normally  present  a  large  fauna  of  micro-organisms  such 
as  protozoa,  bacteria,  and  gregarines,  and  these  seem  to  have 
no  effect  on  the  health  of  the  insect. 

The  principal  monographs  are:  Kirby's  Catalogue  (1904); 
Shelford,  Genera  Insectorum  Iv  (1907),  Ixxiii  (1908),  Ixxiv 
(1908),  ci  (1910),  cix  (1910) ;  Miall  and  Denny  (1886) ;  Lucas 
(1920). 

There  are  only  three  indigenous  British  species  (Ectobius), 
which  are  free  livers  out  of  doors.  The  household  species  com- 
prise five  naturalized  aliens  of  various  and  sometimes  doubtful 
antecedents.    There  are  over  a  thousand  world-species  known. 

At  present  cockroaches  are  merely  household  pests,  eating 
human  food  and  spoiling  much  more  by  giving  it  an  odour. 
The  possibility  of  their  carrying  disease  must,  however,  always 
be  kept  in  mind,  indeed  it  seems  almost  certain  that  they  will 
befoimdto  do  so  sooner  or  later.  It  has  been  recently  stated 
that  they  carry  cancer  in  rats  and  mice.    Strict  cleanliness  is 
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a  preventative  to  a  certain  extent.  On  the  first  appearance 
of  cockroaches  in  a  house,  finely  pulverized  sodium  fluoride, 
or,  if  that  is  not  obtainable,  borax,  should  be  dusted  all  over 
the  places  they  frequent.  It  is  best  to  use  a  dust  gun  so  that 
the  poison  can  be  blown  into  all  cracks  and  crevices.  Control 
should  be  kept  up  for  several  weeks  as  the  eggs  do  not  hatch 
for  some  time. 

The  family  is  divided  for  purposes  of  classification  into 
twelve  sub-families.    The  most  noted  members  are  : — 

Blatta  orienialis  in  which  the  male  wings  are  short  and 
entirely  absent  in  the  female.  This  is  the  commonest  English 
household  species. 

Phyllodromia  sujp^elUciilium  is  winged  in  both  sexes,  and 
is  the  household  species  of  the  tropics. 

Blatella  germanica  is  common  in  houses  in  the  Eastern 
United  States  of  America,  while 

Periplaneta  australasice  is  common  in  the  Southern  States, 
and  is  the  species  most  usually  found  in  ships. 

Periplaneta  americana  is  the  largest  of  the  series,  and  often 
flies  by  day.  It  is  well  distributed  over  the  world  in  docks, 
warehouses,  and  such  places,  while  there  is  a  very  flourishing 
colony  in  the  reptile  house  at  the  Zoological  Gardens, 
London.  It  was  this  species  whose  photograph  appeared  in  a 
famous  daily  paper,  together  with  a  short  note  saying  that  if 
several  of  these  ''beetles"  {sic)  were  placed  under  a  blind 
man's  nose  he  would  say  he  was  snifiing  roses  ! 


Mantidje. 
Praying  mantises.  Soothsayers. 

Orthoptera  with  long  pro  thorax  and  raptorial  front  legs. 

The  popular  name  for  these  insects  has  arisen  from  their 
characteristic  attitude  of  supplication  and  the  remarkable 
form  of  their  front  legs.  The  above  characters  are  constant 
throughout  the  family,  but  the  variety  found  in  outline  and 
general  shape  is  very  great.  The  colour  is  cryptic  as  a  rule, 
but  deceptive  colouring  is  often  present  on  the  hind- wings,  and 
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Harpax  ocellata  is  said  to  be  able  to  change  its  colour  in  accord- 
ance with  its  surroundings.  Mimicry  of  plant  structures  is 
very  well  developed.  Amorphoscelis  mimics  the  bark  of  trees, 
many  simulate  foliage,  some  are  stick-like  and  sway  to  and 
fro  as  if  moved  by  the  breeze,  some  live  in  grass  and  mimic 
grass  stems,  while  Eremiaphila,  and  others  which  live  where 
there  is  no  vegetation,  are  very  like  the  sand  on  which  they 
walk.  The  young  forms  mimic  other  insects,  such  as  ants,  l)y 
means  of  a  black  outline  on  a  green  ground,  and  some  look 
extremely  like  flowers,  presumably  to  attract  insects  to  them. 
None  inhabits  the  cooler  regions  of  the  globe,  the  most  northerly 
district  where  any  species  has  been  recorded  being  Havre, 


Fio.  13, — Hierodula  wcMwoodi. 


France.  They  are  fairly  numerous  all  over  the  trofiics  and 
sub-tropics. 

The  prothorax  is  typically  elongate,  but  may  be  shortened 
in  some  species.  It  may  also  be  extended  at  the  Hides,  giving  a 
grotesque  appearance.  The  abdomen  is  moderately  long, 
formed  of  ten  segments  when  viewed  dorsally,  and  is  provided 
with  a  pair  of  two-jointed  cerci  springing  from  beneath  thc^ 
sides  of  the  tenth  tergite.  Like  the  thorax,  the  abdomen  may 
be  expanded  or  it  may  be  leaf-like.  The  mouth-parts  are  of 
the  usual  carnivorous  biting  type  and  are  hypognathous.  The 
labium  is  completely  fused.  The  head  is  free,  rather  elongate 
and  very  mobile,  being  attached  to  the  prothorax  by  a  slencler 
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neck  which  is  concealed  by  the  pronotum.  In  some  it  is  bent 
down  so  much  that  the  mouth-parts  are  almost  pointing  back- 
wards. The  eyes  are  very  large  and  prominent,  and  there  are 
three  ocelli  forming  a  triangle,  with  the  apex  pointing  down- 
wards. Some  extraordinary  shapes  occur  in  some  species, 
the  eyes  being  horn-like  and  the  ocelli  being  carried  on  pro- 
jections. 

The  antennae  are  filiform,  but  are  pectinate  in  some  males. 
They  vary  greatly,  may  be  short  or  long,  and  may  differ 
according  to  sex.  The  wings  are  generally  present,  apterous 
species  being  rare.  The  tegmina  are  narrow  and  often  resemble 
leaves.  They  are  sometimes  marked,  more  so  in  females  than 
males,  and  when  at  rest  one  overlaps  the  other.  The  hind- wings 
are  very  much  larger  than  the  tegmina  and  are  much  more 
delicate.  They  are  frequently  brightly  tinted  or  flame-coloured 
and  close  fanwise.  The  anterior  portion  is  generally  more 
robust.  The  anterior  legs  are  inserted  near  the  anterior  por- 
tion of  the  prosternum.  The  coxae  are  long,  the  trochanters 
triangular.  The  femora  are  elongate  and  furnished  with  sharp 
spikes  and  teeth  on  the  lower  surfaces.  The  tibiae  are  shorter, 
and  are  articulated  with  the  femora  so  that  they  can  be  snapped 
to  like  a  clasp-knife.  The  lower  surface  of  the  tibiae  is  provided 
with  teeth,  which  fit  into  those  on  the  femora  when  the  two 
segments  are  closed  together.  The  middle-legs  are  inserted 
on  the  posterior  portion  of  the  mesosternum.  The  coxse  of  all 
the  legs  are  large  and  free,  the  tarsi  are  five-jointed,  and  no 
pulvillus  is  present.  The  middle-  and  hind-legs  are  of  the 
ordinary  walking  type,  specially  suited  to  the  poising  attitude 
required  by  their  habits,  but  in  some  the  hind-femora  are 
thickened,  and  the  insect  is  capable  of  leaping  to  a  limited 
extent.  Femoral  brushes  for  cleaning  the  eyes  or  antennae 
have  been  described.  Viewed  ventrally  there  are  eight 
abdominal  segments  in  the  male  and  six  in  the  female.  In 
one  genus  the  male  has  the  tegmina  and  wings  normal,  while 
the  female  has  them  undeveloped. 

The  salivary  glands  are  large  and  are  provided  with  recep- 
tacles. There  are  eight  hepatic  caeca,  and  about  a  hundred 
Malpighian  tubules.  Schindler  has  stated  that  the  latter  are 
inserted  on  the  mesenteron  itself.  The  ovaries  are  formed  of 
forty  egg- tubes,  which  are  joined  together  in  clusters  of 'six 
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with,  a  common  opening.  The  clusters  are  placed  at  intervals 
along  two  tubes  which  join  to  form  the  oviduct.  There  are  a 
large  number  of  sebific  glands  of  two  distinct  kinds.  The  testes 
are  complex.  Eggs  are  deposited  in  a  large  oothecum  which  is 
peculiar  to  Mantids.  The  female  places  the  tip  of  her  abdomen 
against  a  twig  or  grass  stem  and  exudes  some  foamy  matter 
v^hich  is  the  secretion  of  the  sebific  glands  frothed  by  the  action 
of  the  gonapophyses  as  it  comes  out.  This  soon  hardens  and 
forms  the  base  of  the  oothecum.  The  eggs  are  then  laid  in 
groups,  a  proportionate  amount  of  frothy  matter  being  exuded 
at  the  same  time,  until  the  whole  oothecum  is  built  up,  group 
by  group.  It  is  shaped  by  the  end  of  the  abdomen,  and  possibly 
in  some  cases  by  the  help  of  the  tips  of  the  tegmina.  In  each 
egg-chamber  the  eggs  are  arranged  symmetrically,  and  the 
chamber  communicates  with  the  exterior  by  a  passage,  which 
forms  the  means  of  egress  of  the  newly  hatched  nymphs.  A 
delicate  membrane  closes  the  exit  passages  until  pushed  aside 
by  the  emerging  young. 

The  nymphs  hatch  in  groups,  and  on  reaching  the  exterior 
of  the  oothecum  drop  down  and  remain  suspended  in  the  air 
by  means  of  two  silken  threads,  which  are  produced  by  two 
papillae  on  the  ventral  surface  of  the  tenth  sternite.  They 
remain  thus  suspended  until  after  the  first  ecdysis,  after  which 
they  live  a  free  life.  The  first  skin  is  a  true  larval  skin,  and 
does  not  entirely  envelop  the  young  Mantid  like  a  cocoon,  the 
legs  and  antennae  being  free.  On  the  abdomen  are  situated  a 
series  of  spines  pointing  backwards,  which  enabled  the  young 
nymphs  to  emerge  from  the  egg.  On  emergence  the  young 
nymphs  have  the  appearance  of  small  pupse,  but  after  the  first 
moult  they  resemble  the  adult.  The  number  of  antennal 
joints  increases  with  age,  and  the  ocelli  appear  with  the  wing 
rudiments.   There  are  seven  moults. 

The  adult  Mantid  has  an  extremely  innocent  and  even 
intelligent  air,  which  is  far  different  to  its  ferocious  habits.  It 
holds  itself  in  a  semi-erect  position  with  the  fore-legs  in  an 
attitude  of  prayer,  and  when  it  moves  does  so  by  means  of  its 
middle-  and  hind-legs,  the  fore-legs  having  little  power  of  sup- 
porting it.  The  Mantid  has  a  habit  of  staring,  and  is  one  of 
the  very  few  insects  which  can  be  more  or  less  tamed.  It  is  the 
only  insect  which  appears  to  see  man  as  an  individual.  Some 
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come  to  light.  Both  adults  and  nymphs  are  very  rapacious 
feeders,  and  are  entirely  carnivorous,  feeding  on  all  kinds  of 
insects.  None  is  recorded  as  feeding  on  vegetable  food,  and 
the  order  may  be  included  with  those  insects  known  as  general 
predators.  It  is  stated  that  some  of  the  larger  species  will 
attack  and  devour  small  vertebrates.  The  female  generally 
devours  the  male  after  copulation,  and  the  nymphs  often  eat 


Fia.  14. — Oongylus  gongyloides. 


one  another.  In  the  Zoo,  two  Mantids  cannot  be  kept  together. 
Poiret  records  a  male  which  was  decapitated  by  the  female 
when  he  approached,  but  which  nevertheless  succeeded  in 
copulating.  Next  day,  however,  the  female  devoured  the 
decapitated  body  of  her  spouse.  The  Mantid  will  either  sit 
perfectly  still  and  wait  for  an  insect  to  come  within  reach,  or 
will  carefully  stalk  its  prey.  When  within  reach  it  is  caught 
by  the  fore-legs  and  carried  to  the  captor's  mouth.   The  head 
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of  the  victim  is  usually  taken  off  first,  and  its  body  then  gradu- 
ally torn  in  pieces.  Portions  only  are  eaten,  the  rest  being 
thrown  away.  Some  species  which  live  in  deserts  are  said  to 
•be  located  in  regions  where  no  other  insect  life  exists.  If  this 
is  so,  what  do  they  feed  on  ? 

Hibernation,  when  it  takes  place,  is  in  the  egg  stage.  Thus 
Mantis  religiosa  in  the  South  of  France  lays  eggs  in  September 
which  do  not  hatch  until  the  following  June.  In  the  tropics, 
however,  hibernation  may  not  take  place,  and  the  eggs  hatch  in 
as  short  a  time  as  twenty-four  days.  One  brood  yearly  with 
hibernation  as  an  egg  is  probably  the  rule  in  tropical  species. 
Where  they  abound  Mantids  can  be  found  on  bushes,  on  the 
bark  of  trees,  in  grass,  and  other  places  where  there  is  a  pro- 
fusion of  insect  life.  A  large  proportion  of  the  egg-masses  arc 
parasitized  by  Chalcids  provided  with  a  long  ovipositor  in 
order  to  reach  the  eggs  within  the  oothecum.  Checks  on 
adults  and  nymphs  include  birds,  monkeys,  and  other  insec- 
tivorous vertebrates.  Much  attention  has  been  paid  to  the 
habits  of  theMantids,but  comparatively  little  to  the  anatomy. 

Among  a  large  number,  the  following  authorities  may  )>e 
consulted:  Woodmason  (1889),  Kirby's  Catalogue  (1904), 
Giglio  Tos,  Gen.  Ins.  Fasc.  144  (1913),  175  (1921),  Williams  and 
Buxton  (1916),  Giglio  Tos  (191(),  1917, .1919),  Rehn,  Oen,  Ins. 
Fasc.  119  (1911). 

There  are  some  six  hundred  known  species,  all  inhabiting 
warm  climates.  Attempts  hav(^  })een  made  in  th(^  United 
States  to  establish  them  as  general  l>eneficial  ins(^cts,  f)ut  it 
has  been  found  impossible  to  acclimatize  them  to  anything 
approaching  a  hard  winter.  Thus  none  can  be  kept  going 
north  of  Ontario,  and  some  colonies  placed  in  Now  England 
have  died  out.  In  suitable  cUmates  thoy  help  in  keeping  down 
the  insect  population,  but  they  do  not  restrict  themsclv(^s  to 
any  one  type  of  insect.  They  form  part  of  that  very  valuables 
section  of  insectivorous  animals  which  feed  on  any  insect  that 
becomes  abundant :  like  the  birds,  they  eat  whatever  insect  is 
available ;  and  this  is  a  most  useful  group  in  checking  the 
periodical  wave-increase  of  insects,  which  are  only  pests  when 
in  great  abundance. 
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PHASMIBiE. 


Stick  and  leaf  Insects. 

Head  protruded,  prothorax  short,  mesothorax  long,  legs 
similar  to  one  another. 

Phasmids  are  large  and  vary  greatly  in  form.  The  colour 
is  generally  cryptic,  but  deceptive  colouring  is  achieved  in  many 
by  brilliantly  coloured  hind- wings.  All  mimic  some  form  of 
leaf  or  stem  structure,  and  some  simulate  mosses  and  lichens. 
In  the  stick  insects  the  whole  body  is  elongated  and  resembles 
a  twig,  the  insect  even  swaying  from  side  to  side  as  if  moved 
by  the  wind.    The  leaf  insects  are  most  highly  developed  in 


the  genus  Phyllium,  but  it  is  the  tegmina  which  assume  the 
principal  role  in  the  mimicry  in  this  family.  Mimicry  of  plant 
structures  is  brought  to  the  highest  perfection  known.  They 
are  restricted  to  and  universal  in  warm  climates,  having  an 
intolerance  for  cold.  Bacillus  gallicus,  however,  exists  as  far 
north  as  Central  France,  and  Carausias  morosus  has  been  bred 
in  England  in  captivity  for  the  last  ten  years.  The  largest 
number  of  species  is  found  in  Australia,  and  the  family  seems 
to  have  a  particular  preference  for  islands. 

The  prothorax  is  always  small.  The  mesothorax  may  be 
small  in  a  few,  but  is  generally  long,  in  some  cases  being  six 
times  the  length  of  the  prothorax  •  the  legs  and  wings,  if  present, 
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being  attached  to  the  posterior  end.  The  abdomen  is  generally 
elongate  and  formed  of  ten  segments.  The  cerci  are  flattened 
and  segmented.  In  some  species  there  are  glands  on  the  thorax 
capable  of  emitting  an  acrid  and  foul-smelling  fluid.  The  head 
is  free,  the  mouth-parts  of  the  ordinary  mandibulate  type,  and 
the  eyes  prominent.  Ocelli  are  variable  and  are  said  to  be 
present  and  absent  in  different  individuals  of  the  same  sex 
and  species.  The  antennae  are  long,  simple,  and  formed  of 
anything  from  eight  to  a  hundred  segments.  The  tegmina 
are  generally  small  or  absent,  even  when  the  hind-wings 
are  well  developed.  The  hind-wings  in  the  latter  case  are 
folded  fanwise  and  lie  along  the  back,  looking  like  tegmina. 
Taking  the  family  as  a  whole  the  rule  is  that  the  tegmina  are 
atrophied.  The  legs  are  simple,  the  fore  pair  often  })eing 
stretched  forward,  the  femora  concealing  the  head.  They  are 
often  flattened  and  leaf -like,  and  the  fore-legs  are  frequently 
longer  than  the  rest.  Throughout  the  family  they  vary  to 
some  considerable  extent.  The  coxa  and  trochanter  is  small, 
the  tarsi  are  five-jointed,  and  there  is  an  arolium  between  the 
claws.  The  female  is  generally  the  larger  and  has  the  eighth 
abdominal  segment  modified  on  its  ventral  surface  to  form  a 
gutter  to  assist  in  depositing  the  eggs.  The  two  segments 
following  the  eighth  are  concealed  by  it;  If  there  is  a  difference 
in  the  alar  organs  it  is  the  male  which  has  them  most  highly 
developed.  Plant  mimicry  is  highest  in  the  females.  In  Phyl- 
Hum  the  male  has  not  got  the  leaf-like  tegmina  which  prodiuu^ 
the  great  leaf  resemblance  in  the  female,  and  in  the  latt(^r  tlu^ 
wings  are  reduced  to  minute  processes.  The  males  ar(^  mon^ 
mobile,  and  have  claspers  at  the  end  of  the  abdomen. 

Little  is  known  of  the  internal  structure.  In  Phj/Uium  ihove 
are  no  salivary  glands,  and  no  hepatic  caeca.  The  Malpighian 
tubules  are  long  and  very  numerous,  and  there  is  no  distinction 
between  the  crop  and  gizzard.  There  are  three  thoracic  and 
five  abdominal  ganglia.  The  tracheae  are  well  developed, 
but  have  no  air  vesicles.  The  ovary  is  formed  of  from  eightecm 
to  twenty  egg-tubes.  Comparatively  few  eggs  are  laid,  about 
thirty,  but  the  number  may  go  up  to  a  hundred.  They  are 
discharged  at  random  and  fall  to  the  ground,  producing  a 
noise  like  the  patter  of  rain  on  the  leaves  of  forests  where  these 
insects  abound.   Each  egg  is  really  a  capsule  containing  an 
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egg.  The  capsule  is  l)eaiitifiilly  sculptiin^d  in  many  chhoh  and 
is  provided  with  a  lid  which  is  pushed  oil  at  the  ihne  of  hatching. 
The  general  evidence  tends  to  show  that  the  ca.i)suh^  is  (^hihor- 
ated  in  the  egg-tube.    Only  one  is  laid  at  a  time. 

When  ready  for  emergence  the  meso-  and  nu^ta-tfiorax  of  th(^ 
young  nymph  are  not  very  long,  hut  hy  iho  timc^  it  has  fairly 
emerged  they  have  enlarged  to  their  projKT  prof)()rtions.  Th<^ 
body  expands  so  much  on  hatching  that  it  would  aj)p(^ar  nlmost 
impossible  for  the  newly  hatched  nymph  to  hav(^  <!orn(^  from 


Fid.  10. — PhijUUurn  Mrijtha, 


the  egg  beside  it.  In  Phylliuvi  then^  are  three*  e(uiym»K,  a 
growth  similar  to  that  on  hatching  occ^urring  aft(T  <*aeh  oni». 
At  the  third  moult  the  insect  suddc^nly  shootH  out  to  itn  full 
size.  Growth  occupies  from  six  weeks  to  twelve*  nuuiths.  Wings 
appear  in  Phyllium  after  the  secon<l  moult.  In  the  apterouH 
forms  the  differences  between  nym|>h  and  adult  arc^  vi*ry  slight. 
The  nymph  and  adult  are  l)oth  vc^ry  Hensitive  to  cold.  Th« 
latter  has  the  power  of  reproducing  lost  limbs,  and  ilw.m  is  a 
suture  bctwoon  the  trochanter  and  f<^mur  which  enables  a  l(»g 
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to  be  thrown  off  easily.  It  is  said  that  in  Phyllium  one  indi- 
vidual will  nibble  the  edge  of  the  tegmen  of  another  apparently 
in  the  belief  that  it  is  a  real  leaf.  A  Brazilian  species  of  the 
genus  Prisopus  is  aquatic,  living  in  mountain  streams  under 
stones.  The  under  side  of  this  species  is  densely  pubescent. 
Males  are  exceedingly  rare  in  some,  and  reproduction  in  these 
cases  is  parthenogenetic. 

All  are  herbivorous  and  eat  large  quantities  of  food.  They 
are  characteristic  chiefly  of  tropical  forest  areas,  where  they 
live  in  the  tops  of  trees,  their  eggs  falling  like  rain  and  sounding 
like  a  shower  (Bates).  Hibernation  takes  place  when  neces- 
sary as  an  egg,  which  is  laid  in  autumn  and  hatches  in  the 
following  spring.  Great  numbers  of  eggs  are  parasitized  by 
Ichneumonids,  and  birds,  monkeys,  and  Reduviids  attack  the 
nymphs  and  adults. 

The  chief  works  on  Phasmidce  are  :  Kirby's  Catalogue  (1904), 
Brunner  von  Wattenwyl  and  Redtenbacher  (1906,  1908), 
Meissner  (1916). 

About  six  hundred  species  are  known,  of  which  four  or  five 
are  native  to  the  South  of  Europe.  They  are  essentially  forest 
insects,  and  when  abundant  may  strip  acres  of  trees.  In  some 
cases  they  may  prove  a  source  of  danger  to  cultivated  tree 
crops,  and  when  accessible  trees  may  be  sprayed  with  a  stomach 
poison.  Lopophus  coccophagus  destroys  palm  trees  in  Fiji 
and  other  Pacific  islands. 


AcRiDiiD^  (Locustidce). 

Grasshoppers,  Locusts,  Shorthorn  grasshoppers. 

Medium-sized  to  large  insects  with  short  antennae,  never 
extending  beyond  the  prothorax  ;  jumping  hind-legs  ;  an 
auditory  organ  situated  on  the  abdomen. 

The  Acridiids  form  the  most  important  group  of  the  Orthop- 
tera  and  contain  the  true  locusts,  which  have  been  known  as 
first-class  pests  from  the  time  when  man  first  started  to  grow 
crops.  It  is  unfortunate  that  the  true  locusts  do  not  form  part 
of  the  family  Locustidce,  and  attempts  have  been  made  to 
remedy  this  confusion  of  names  by  altering  the  nomenclature 
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of  the  Saltatoria.  Thus  Kirby  styles  the  Acridiidce  the  Locus- 
tidce,  while  reserving  the  name  Phasgonuridce  for  the  true 
Locustidce,  Confusion  may  to  some  extent  he  avoided  by 
naming  the  Acridiidce  Shorthorn  grasshoppers  as  distinct 
from  the  Longhorn  grasshoppers  or  Lccustidce. 

Aeridiids  are  compressed  laterally,  and  have  a  large  head 
with  prominent  eyes.  The  wings  are  pressed  to  the  sides,  and 
the  femora  are  large  and  point  upwards  and  backwards.  The 
general  shape  is  uniform  throughout  the  family,  but  can  be 
adapted  for  special  purposes,  such  as  is  the  case  in  Chrotogonus 
which  is  flattened  for  living  on  the  surface  soil.  Colour  varies 
greatly  in  the  same  species,  there  being  in  some  two  distinct 
colour  schemes  in  one  life  history,  cryptic  in  the  young  and 
deceptive  in  the  adult.  Although  the  colouring  in  the  family 
follows  generally  the  cryptic  or  deceptive  schemes,  many 
instances  are  met  with  in  which  the  colours  are  of  a  brilliant 
warning  type,  combined  with  the  emission  of  a  frothy  secretion 
from  prothoracic  glands  and  a  peculiar  sound-producing 
organ  (Aularches) ;  these  forms  are  probably  extremely  well 
protected  against  enemies.  Many  change  colour  at  definite 
times,  such  as  the  Bombay  locust — Acridium  succinci^jim, 
which  is  brown  with  yellow  stripes.  On  its  first  migration  the 
body  and  head  are  suffused  with  red  which  persists  during  the 
swarming  period,  changing  to  a  deep  brown  or  black  with  yellow 
streaks  at  the  coupling  season. 

A  few  depart  widely  from  the  standard  type.  Thus  Prosco- 
pides  resembles  a  Phasmid  more  than  an  Acridiid,  and  is  gener- 
ally apterous.  The  family  is  more  adapted  to  warm  climates 
than  cold,  but  is  more  sub-tropical  than  tropical.  Locust 
damage  occurs  almost  entirely  in  warm  climates,  but  swarms 
have  been  recorded  in  England. 

The  body  is  large  and  flattened  from  side  to  side.  The 
prothorax  is  large  and  arched,  and  is  often  elongated  to  form 
a  hood  covering  the  base  of  the  wings,  or  is  furnished  with 
projections  at  the  sides.  The  presternum  often  has  a  process 
projecting  between  the  front  legs.  The 'thorax  as  a  whole  is 
well  developed  and  clearly  segmented.  The  abdomen  is 
composed  of  ten  segments.  The  mouth-parts  are  large  and 
h3rpognathous,  with  a  well-developed  labrum  and  mandibles 
with  large  cutting  teeth.    The  maxillse  and  labium  are  also 
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well  developed,  wMle  the  hypopharynx  forms  a  blunt  tongue 
lying  on  the  floor  of  the  mouth.  The  head  is  sunk  in  the  thorax 
and  carries  large  eyes  widely  separated.  There  are  three  ocelli 
which  are  universally  present,  though  very  small  in  some.  The 
antennae  are  composed  of  thirty  segments  at  most,  are  generally 
curved  back  over  the  thorax,  and  are  flattened  in  some. 

The  tegmina  and  wings  function  together  as  one  pair  of 
organs  in  flight.  The  former  are  long  and  narrow  and  of  a 
fine  parchment-like  texture.  They  usually  project  beyond 
the  abdomen,  but  are  sometimes  shorter,  and  in  the  Tetrigince 
are  reduced  to  short  lobes  covered  by  the  prolongation  of  the 
pronotum.    The  wings  are  large  and  much  more  delicate  in 


texture.  They  are  folded  fanwise  and  covered  by  the  tegmina 
when  at  rest,  are  many- veined  and  often  coloured  at  the  base. 
In  some  species  they  are  short  or  reduced.  The  legs  are 
placed  on  the  sides  of  the  thorax,  not  ventrally.  The  two 
anterior  pairs  are  similar  and  smaller  than  the  hind-legs,  with 
small  coxae.  The  tarsi  are  three- jointed,  with  three  pads  on 
the  under  surface  of  the  basal  joint,  which  gives  the  appearance 
of  a  five-jointed  tarsus  when  viewed  from  below.  The  hind- 
legs  are  distinctive  of  the  Saltatoria  and  are  used  for  jumping. 
The  femur  is  thickened,  more  at  the  base  than  at  the  apex. 
The  tibia  is  long  with  two  rows  of  spines  on  the  posterior  edge, 
and  is  capable  of  being  bent  under  the  femur.  There  are  two 
thoracic  and  eight  abdominal  spiracles. 

The  female  is  provided  with  digging  organs,  which  are  formed 
by  four  valves  projecting  beyond  the  supra-anal  plate  and  sub- 
genital  lamina.  The  upper  pair  arise  as  outgrowths  from  the 
ventral  portion  of  the  ninth  abdominal  segment,  the  lower  pair 


Fig.  17. — Tryxalis  turrita. 
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from  the  eighth.  It  is  the  upper  and  more  strongly  chitinized 
pair  which  is  used  in  excavating  the  hole  for  egg-laying.  The 
anus  is  placed  above  the  genital  aperture.  The  abdomen 
contracts  and  extends  to  a  great  extent,  being  retracted  during 
copulation  and  extended  during  oviposition.  The  male  has 
the  subgenital  lamina  curved  and  pointed,  forming  the  apex 
of  the  abdomen.    The  two  sexes  often  differ  in  size  and  colour. 

The  alimentary  canal  is  straight  and  contains  no  gizzard, 
the  crop  being  constructed  to  form  a  substitute  for  it.  The 
salivary  glands  are  small ;  there  are  three  hepatic  caeca  and 
numerous  Malpighian  tubules.  Three  thoracic  and  j£ve 
abdominal  ganglia  are  present. 

The  sense  of  hearing  is  particularly  well  developed  in  this 
family,  no  doubt  coupled  with  their  facilities  for  sound  pro- 


FiG.  18. — Acridium  melanocorm. 


duction.  This  is  effected  by  rubbing  the  inner  surface  of  the 
femur  against  the  surface  of  the  tegmen,  a  series  of  beaded 
projections  on  the  femur  grating  over  a  raised  vein  on  the 
tegmen.  This  arrangement  is  limited  to  males,  but  females 
have  rudimentary  sound  organs.  The  auditory  organs  are, 
however,  found  in  both  sexes,  on  the  base  of  the  abdomen, 
below  the  tegmina  and  wings,  and  exist  in  the  great  majority 
of  species.  Those  species  in  which  there  is  no  auditory  appara- 
tus are  also  wingless  and  without  means  of  producing  sound, 
but  there  are  exceptions  to  this.  The  exact  function  of  the 
auditory  organs  is  not  known.  Other  organs  for  the  perception 
of  sound  are  probably  present,  and  the  organs  peculiar  to 
Acridiids  may  be  limited  for  this  reception  of  only  one  kind 
of  vibration.  On  the  other  hand  those  species  generally 
supposed  to  be  without  means  of  sound  production  may  make 
some  sound  which  is  inaudible  to  man.    In  the  sound-producing 
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species  the  song  "  is  very  uniform  in  character.  Some  make 
a  noise  during  flight,  which  apparently  comes  from  the  friction 
of  the  wings.  The  sound-perceiving  organs  pecuhar  to  the 
family  are  situate  one  on  each  side  of  the  dorsal  aspect  of  the 
first  abdominal  segment,  above  the  articulation  of  the  hind-leg. 
Three  forms  can  be  distinguished ;  a  membrane  surrounded  by 
a  rim,  a  membrane  slightly  depressed  with  a  portion  of  the 
segment  projecting  over  it,  and  a  marked  depression  with  the 
segment  projecting  over  it,  giving  it  the  appearance  of  a  cavity 
opening  to  the  exterior  by  a  slit. 

The  membrane  or  tympanum  is  supplied  with  a  nerve 
gangUon,  muscles,  and  a  complex  tracheal  apparatus. 

The  tracheae  are  well  developed  and  provided  with  numerous 
air  sacs  which  can  be  dilated  preparatory  to  flight,  a  condition 
which  is  well  marked  in  the  migratory  locusts  just  before  and 
during  the  long  flights. 

The  testes  are  united  in  a  single  envelope.  The  egg- tubes 
are  likewise  united,  their  terminal  threads  converging  to  form 
a  composite  ovary,  and  opening  into  a  calyx  which  is  prolonged 
at  its  extremity  to  form  a  long  convoluted  tube.  In  locusts 
it  is  important  to  watch  the  development  of  the  ovaries  in 
order  to  forecast  the  time  when  egg-laying  will  take  place. 
In  the  case  of  the  Bombay  Locust  (Acridium  succinctum)  it 
has  been  observed  that  the  reproductive  organs  do  not  become 
fully  developed  until  directly  before  coupling.  Before  that 
they  are  very  small,  the  trachese  being  still  dilated  and  the  fat 
body  small.  Coupling  takes  place  in  this  case  for  two  days, 
at  the  end  of  which  the  male  dies.  Pive  days  after  the  female 
starts  to  lay  eggs.  In  laying  eggs  the  female  excavates 
a  hole  in  the  ground  by  means  of  the  gonapophyses,  and 
deposits  the  egg  mass,  afterwards  leaving  little  trace  of  the 
operation.  The  eggs  are  deposited  with  fluid,  which  hardens 
to  form  the  egg  mass,  which  is  one  or  two  inches  long,  nearly 
cylindrical  in  shape,  and  straight  or  curved  according  to  the 
nature  of  the  ground.  In  gravelly  soil  the  mass  may  be  twisted. 
About  fifty  to  a  hundred  and  twenty  eggs  are  present  in  each 
egg  mass.  Several  observers  have  described  the  methods 
of  egg-laying.  Coleman  and  Kannan  have  described  the 
oviposition  of  the  Rice  grasshopper  {Hieroglyphus  banian), 
which  lays  its  eggs  in  the  embankments  surrounding  paddy 
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fields.  The  four  horny  valves  are  pushed  into  the  soil  and 
then  opened,  pushing  the  soil  outwards.  They  work  in  one 
plane  only,  so  that  to  make  the  excavation  round  the  body  is 
rotated — it  is  capable  of  a  rotation  of  180°.  As  soon  as  a  proper 
depth  has  been  reached  the  lower  end  of  the  hole  is  enlarged 
and  the  walls  made  smooth,  which  is  done  with  great  care.  A 
fluid  is  then  expelled  accompanied  by  convulsive  movements 
of  the  abdomen,  and  is  worked  up  into  a  froth  by  the  move- 
ments of  the  horny  valves.  When  a  small  amount  of  froth 
has  been  formed  the  posterior  pair  of  valves  separate  from  the 
anterior  pair,  and  the  tip  of  an  egg  appears  in  the  space  between 
them.  The  posterior  valves  are  then  brought  forward  and 
clasp  the  egg,  which  is  then  forced  into  the  froth  at  the  bottom 
of  the  excavation.  Then  more  froth  is  made  and  another  egg 
produced  and  so  on.  The  eggs  are  arranged  in  a  certain  degree 
of  order,  but  it  is  not  by  any  means  regular.  Digging  the  hole 
occupied  this  species  for  thirty  minutes,  the  formation  of  the 
egg  chamber  took  from  fifteen  to  twenty  minutes,  and  the  eggs 
were  deposited  in  another  thirty  minutes,  making  a  total  of  an 
hour  and  twenty  minutes.  By  killing  the  female  while  in  the 
act  of  ovipositing,  it  was  found  that  the  left  ovary  was  first 
emptied  of  eggs,  which  did  not  come  alternately  from  each 
ovary  as  had  formerly  been  supposed. 

The  eggs  are  elliptical,  and  longer  than  broad.  They  are 
arranged  in  the  egg  mass  so  that  the  head  of  the  embryo  is  at 
the  upper  and  the  micropyle  at  the  lower  end.  On  emerging, 
the  nymph  ruptures  the  egg-shell,  according  to  Riley,  by  means 
of  the  spines  on  the  apex  of  the  tibia,  and  then  moults  a  mem- 
brane which  he  considered  to  be  part  of  the  embryonic  mem- 
branes {Caloptenus  spretus) .  In  the  case  of  the  Rice  grasshopper 
the  authors  quoted  above  state  that  the  chorion  is  ruptured 
by  the  convulsive  movements  of  the  young  nymph,  together 
with  a  swelling  out  of  the  body  just  behind  the  head.  It  is 
then  still  enclosed  in  the  amnion,  and  makes  its  way  thus  to 
the  surface  of  the  soil  through  one  or  two  inches  of  earth.  As 
soon  as  the  surface  is  reached  the  amnion  is  cast  by  means  of  a 
split  just  behind  the  head. 

The  young  hopper  has  the  general  form  of  the  adult,  but 
with  fewer  joints  to  the  antennae,  and  the  wings  and  internal 
genital  organs  absent.   It  is  not  easy  to  distinguish  the  species 
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in  the  early  stages,  and  colour  changes  occur  in  the  nymph, 
and  to  some  extent  after  full  development  is  reached.  Wings 
appear  after  the  second  or  third  moult,  of  which  there  are  five 
to  seven,  the  males  probably  having  one  less  than  the  females. 
The  cervical  bladder  between  the  head  and  prothorax  used 
in  hatching  is  again  used  at  each  moult,  the  pressure  from  it 
bursting  the  dorsal  cuticle.  In  the  Bombay  Locust  three 
distinct  periods  of  development  may  be  noted.  Firstly  the 
change  to  the  adult  condition  signalized  by  the  full  develop- 
ment of  the  wings  ;  secondly,  conspicuous  colour  changes  ;  and 
thirdly,  the  sudden  development  of  the  genital  organs  after  the 
last  migration. 

The  food  consists  mostly  of  vegetable  matter,  Hchens,  mousses, 
and  low  forms  of  plant  life  being  consumed  by  some,  while 
others  are  limited  to  a  single  food-plant.  More  generally, 
however,  there  is  a  range  of  several  food  plants,  the  range  being 
greatest  in  the  locusts.  Cannibalism  is  found  in  certain  genera 
such  as  Schistocerca  when  there  is  a  shortage  of  vegetable  food, 
or  when  a  nymph  or  adult  is  sickly.  Refuse,  string,  and  other 
substances  are  also  eaten  by  some.  Tettix  and  allied  genera 
are  aquatic,  with  expanded  hind  tarsi  for  swimming. 

Hibernation  takes  place  in  the  egg  stage,  but  a  few  hibernate 
as  adults.  As  a  whole  there  seem  to  be  no  regular  seasons  for 
reproduction,  but  most  are  fairly  regular,  the  most  important 
factor  being  climate.  Many  are  only  one-brooded,  others  have 
two,  and  some  have  several  broods  during  the  year.  The 
natural  habitat  is  the  plains,  cultivated  crops  and  forests. 

In  view  of  the  enormous  importance  of  locust  swarms  the 
natural  enemies  of  Acridiids  have  been  widely  studied,  and 
many  attempts  made  to  propagate  diseases  and  other  checks 
among  the  swarms.  The  egg  masses  are  eaten  by  a  large 
number  of  insects,  among  which  Meloidce  are  important.  These 
beetles  deposit  between  four  and  five  hundred  eggs,  which 
hatch  in  about  ten  days.  Each  larva  will  thus  destroy 
from  one  to  several  egg  masses.  Certain  Ichneumonids,  a 
Chalcid,  BombiHids,  and  Anthomyids,  act  as  checks  of  lesser 
importance,  while  some  Sarcophagids  are  distinctly  useful. 
Tachinids  prey  on  nymphs  and  adults,  and  a  mite  is  said  to 
be  destructive  to  the  hoppers  and  eggs  in  North  America. 
Enchytrseid  and  Gordiid  worms  are  found  in  considerable 
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numbers  attacking  locusts,  while  birds  and  mammals  do 
considerable  execution.  Monkeys,  marmosets,  squirrels,  mon- 
gooses, and  similar  animals,  greedily  devour  grasshoppers,  as 
do  many  birds.  Certain  fungous  diseases  attack  them,  and 
some  attempt  has  been  made  to  use  these  as  an  artificial  control, 
but  although  effective  work  has  been  done  in  Colorado,  the 
results  of  similar  trials  in  Texas  were  negative. 

Of  bacterial  diseases  the  locust  epizootic  caused  hy  Bacillus 
acridiorum  d'Herelle  has  had  some  success  as  a  control.  The 
disease  is  spread  naturally  by  the  liquid  excreta  of  diseased 
locusts  falling  on  leaves  which  are  eaten  by  other  members  of 
the  swarm,  and  also  by  cannibaHsm  and  the  infection  of  the 
eggs  during  oviposition  by  a  diseased  female.  Susceptibility 
to  the  disease  varies  with  the  period  of  the  life-history,  it  being 
greatest  in  the  adult  at  the  time  of  egg-laying,  and  least  in  the 
young  nymphs.  In  the  nymphal  stage  it  is  greatest  about  the 
time  of  the  last  moult.  This  period  appears  to  be  the  best  for 
artificial  propagation,  as  the  nymphs  are  then  crowded  together 
and  have  large  appetites,  whereas  in  the  adult  stage  propagation 
of  the  disease  would  not  be  so  easy.  The  virulence  of  the 
bacillus  decreases  greatly  in  culture,  and  to  bring  it  up  to  the 
required  strength  at  least  twelve  successive  passages  through 
adults  or  nymphs  must  be  made.  A  weak  culture  renders  the 
locusts  immune  to  a  certain  extent.  The  culture  is  injected 
into  the  body  cavity  of  a  locust,  and  when  it  is  nearly  dead  the 
liquid  excreta  is  squeezed  out  and  injected  into  another  in- 
dividual and  so  on.  The  virulence  is  great  enough  when  death 
occurs  eight  hours  after  injection.  This  process  takes  five  or 
six  days.  When  the  required  virulence  has  been  attained  the 
specific  bacillus  is  isolated  by  means  of  an  agar  plate  and 
cultivated  for  twenty-four  to  thirty-six  hours,  when  it  may  be 
placed  directly  in  broth  containing  dextrose.  This  is  then 
sprayed  on  the  vegetation.  Considerable  success  has  been 
obtained  by  the  use  of  the  bacillus  in  the  Argentine  Republic, 
notably  in  1912,  but  elsewhere  results  have  not  been  so  satis- 
factory. At  best  the  method  is  only  a  subsidiary  one  to  other 
control  measures,  but  provided  the  technique  necessary  to 
induce  the  epizootic  is  efficiently  carried  out  it  should  be  a 
valuable  aid  against  locust  swarms.  The  cultures  can  be 
obtained  from  the  Pasteur  Institute. 
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In  addition  to  organized  checks,  the  weather  has  an  import- 
ant action  in  controlling  locusts.  Dry  weather  kills  a  large 
number  of  egg  masses  when  they  are  new,  and  is  also  fatal  to 
hoppers.  The  adults  do  not  seem  to  couple  until  rain  has  fallen, 
and  a  heavy  fall  will  delay  the  action  of  the  bacterial  disease 
for  some  time. 

Reference  may  be  made  to  Kirby's  Catalogue  and  Lucas' 
British  Orthoptera,  as  well  as  the  following :  Morse  (1904), 
Lefroy  (1905),  Coleman  and  Kannan,  Dept.  Agri.  Mysore, 
Ento.  Ser.  Bull,  i ;  Riley,  U.S.  Dept.  Agri.  Div.  Ento.  Bull  25  ; 
Walton,  U.S.  Dept.  Agri.  Farmer's  Bull  747;  Marshall, 
Microbiology  (Churchill);  Oen  Ins.  Burr,  Faso.  15  (1903); 
Hancock,  Ease.  48  (1906),  and  Bolivar,  Ease.  90  (1909). 

There  are  some  two  thousand  species  known,  of  which  only 
eleven  are  British. 

From  an  economic  point  of  view  the  Acridiida)  aro  divisible 
into  two  distinct  classes,  those  which  have  recurrent  migratory 
habits  and  those  which  do  not.  To  the  former  class  belong 
all  the  locusts  proper,  which  behave  as  ordinary  grasshoppers 
until  from  various  causes  they  migrate  in  huge  swarms,  when 
they  become  locusts.  This  habit  is  confined  to  certain  Hi)ecies 
which  are  well  known.  Certain  species  of  migratory  locusts, 
however,  regularly  inhabit  countries  without  forming  swarms, 
such  as  Pachytylus  cinerascens,  which  is  to  be  found  in  Belgium, 
and  individuals  of  migratory  species  aro  seen  in  Scotland. 
Many  isolated  specimens  of  locusts  found  in  countries  where 
they  do  not  form  swarms  are  probably  imported  in  ships. 
Locust  plagues  appear  suddenly  and  clear  away  all  vcgc^tation 
in  a  few  hours,  resulting  in  famine  and  often  in  pestilences 
owing  to  the  numbers  of  dead  insects  left  behind.  They 
disappear  as  suddenly  as  they  arrive.  Although  large  quanti- 
ties of  eggs  may  be  deposited,  the  resulting  progeny  may 
entirely  disappear  after  a  few  seasons.  Swarms  arrive  in 
certain  districts  at  intervals  of  a  number  of  years,  the  raj)id 
increase  of  numbers  in  their  native  haunts  which  leads  to  the 
swarms  moving  off  in  search  of  food  being  ascribed  to  a  number 
of  causes.  Among  these  may  be  mentioned  a  decrease  in  the 
number  of  parasites  which  keep  them  normally  in  check,  the 
hatching  of  vast  numbers  of  eggs  which  have  not  hatched 
previously  owing  to  unfavourable  conditions,  and  the  fact  that 
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a  large  number  of  superfluous  individuals  seems  to  be  necessary 
for  the  migratory  instinct  to  be  resuscitated.  Years  after  the 
last  migration  to  a  particular  spot  it  is  believed  that  the  swarms 
take  the  same  path  as  their  predecessors.  It  has  been 
established  that  after  a  migration,  when  the  hoppers  proceeding 
from  the  egg  masses  reach  the  adult  state,  they  return  to  the 
land  of  their  ancestors.  In  the  case  of  the  Voetganger,"  of 
South  Africa,  the  migratory  instinct  is  developed  before  the 
nymphs  have  wings,  and  they  travel  long  distances  at  this 
stage,  feeding  as  they  go.  The  actual  direction  of  the  flight 
of  a  swarm  is  largely  dependent  on  the  direction  of  the  wind, 
and  the  air  sacs  being  inflated,  the  locusts  travel  on  the  wind 
more  than  by  actual  flying.  Most  of  the  flights  of  long  distance 
may  be  done  by  night,  and  they  often  travel  great  distances 
across  the  sea.  It  is  thus  possible  that  the  Biblical  locust, 
Schistocerca  peregrina,  may  have  come  originally  from  South 
America. 

Details  of  the  life-histories  of  locusts  vary  with  the  particular 
species.  In  the  case  of  the  Rocky  Mountain  Locust,  Melan- 
oplus  spreius,  there  is  a  permanent  region  or  native  breeding 
ground  where  it  is  always  found  in  fair  numbers.  In  a  so- 
called  sub-permanent  region  it  may  propagate  for  several  years, 
but  will  disappear  at  times.  A  third  region  is  temporarily 
visited  in  which  the  greatest  damage  is  done,  and  from  which 
the  locust  disappears  in  a  year.  Swarms  fly  on  an  average 
twenty  miles  a  day,  but  with  a  good  wind  will  do  up  to  three 
hundred.  Egg-laying  takes  place  in  the  infested  areas  at  the 
rate  of  about  three  egg  masses  in  six  to  eight  weeks.  The 
hoppers  on  hatching  remain  where  they  are  until  after  the 
second  or  third  moult,  when  they  move  along  in  masses,  eating 
up  all  the  vegetation  in  their  path.  When  adult  they  swarm 
again  and  go  back  to  the  permanent  region. 

The  Bombay  Locust  migrates  mainly  at  night,  and  is  present 
in  large  numbers  in  the  breeding  locality,  the  young  hoppers 
generally  being  hardly  noticed  until  the  wings  appear.  There 
are  six  periods  in  the  history  of  the  swarm,  the  first  one  being 
the  emergence  of  large  numbers  on  the  breeding  ground  in 
September.  In  late  October  migration  starts,  and  swarms 
begin  to  move  in  definite  directions,  to  settle  during  the  winter 
months  in  forests.   A  second  migration  then  takes  place  in 
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March  until  the  end  of  May,  when  they  begin  to  scatter  and 
lose  the  migratory  instinct.  After  the  rains  in  early  tJune 
have  begun  egg-laying  takes  place,  and  the  hoppers  hatch  out 
in  five  or  six  weeks  and  take  six  weeks  to  reach  the  adult  stage. 
In  the  control  of  locust  plagues  the  first  and  most  important 
aim  is  to  have  accurate  and  early  information  as  to  the  size 
and  locality  of  swarms  and  of  the  direction  they  are  taking. 
This  is  provided  for  by  the  locust  laws  drafted  by  countries 
where  plagues  are  regular,  which  insist  on  compulsory  notifi- 
cation of  swarm  movements.  The  second  most  important 
point  is  to  have  some  sort  of  co-operation  between  cultivators, 
so  that  control  measures  can  be  instituted  over  large  areas 
simultaneously.  This  is  also  to  some  extent  provided  for  in 
the  locust  laws,  but  must  be  supplemented  by  education  and 
publicity. 

By  having  accurate  information  of  the  origin  of  a  swarm 
leading  to  the  discovery  of  the  permanent  breeding  ground,  if 
there  is  one,  much  can  be  done  in  the  way  of  permanently 
arresting  the  plagues.  Action  on  the  breeding  ground  has 
largely  put  an  end  to  the  Rocky  Mountain  locust  as  a  plague, 
^  and  the  extension  of  agriculture  to  the  foothills  of  the  liockicH 
and  to  former  deserts  has  eliminated  many  old  breeding  grounds. 
Having  obtained  information  of  the  swarms  and  their  line  of 
flight,  control  resolves  itself  largely  into  those  metluxls  which 
appear  best  and  most  easily  carried  out  on  the  spot.  Thus  it  is 
possible  in  some  cases  to  mark  down  swarniH  at  night  in  cool 
weather  and  spray  them  with  any  handy  insecticide  whik^ 
they  are  torpid,  or,  while  in  the  same  state,  in  the  early  morning 
they  may  be  driven  along  into  previously  dug  trenches  and 
buried.  Spraying  vegetation  in  the  line  of  their  path  has  met 
with  success,  but  care  must  be  taken  in  the  use  of  arsenical 
or  other  poisonous  sprays  where  cattle  abound,  and  the  whole- 
sale distribution  of  poisonous  substances  among  native  popu- 
lations is  not  always  desirable.  Various  poisoned  l)aits  have 
been  used  with  success,  consisting  of  bran,  arsenic  and  molasses, 
and  the  Criddle  mixture  in  which  fresh  horse-dung  replaces  the 
bran  is  useful  in  that  birds  and  cattle  are  less  likely  to  touch 
it.  Poisoned  baits  are  a  great  success  in  protecting  fruit  trees. 
Deep  ploughing  at  the  right  season  of  the  year  to  expose  egg 
masses  to  the  action  of  the  sun  is  useful,  as  also  is  discing.  Where 
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circumstances  permit  a  reward  may  be  made  for  the  collection 
of  egg  masses.  The  hoppers  can  be  collected  in  great  numbers 
by  the  use  of  bags  on  suitable  frames  which  are  skimmed  over 
the  surface  of  the  ground.  The  ''hopper-dozer"  as  used  in 
the  United  States  is  a  more  elaborate  contrivance  of  the  same 
kind,  which  is  horse-drawn,  and  in  which  the  hoppers  jump  into 
shallow  pans  filled  with  water  covered  with  crude  petroleum, 
kerosene,  or  other  suitable  liquid.  The  best  form  of  hopper- 
dozer  "  is  one  which  is  pushed  by  the  horse  instead  of  drawn. 
Control  by  means  of  the  locust  epizootic  has  already  been 
mentioned. 

The  disposal  of  large  quantities  of  locusts  needs  some  atten- 
tion in  formulating  a  locust  campaign,  and  some  attempts  have 
been  made  to  convert  them  to  some  useful  purpose.  An 
analysis  of  locust  bodies  made  by  the  Transvaal  Department 
of  Agriculture  showed  the  presence  of : — 

Per  cent. 


Protein   59*60 

Ether  extract   11*19 

Crude  ''fibre"   11*26 

Ash   512 

Moisture   9*05 


Locusts  should  thus  form  a  source  of  food,  and  indeed  Pachy- 
tylus  cinemscens  is  fried  in  butter  and  eaten  by  the  inhabitants 
of  Palestine,  while  locusts  are  freely  eaten  in  India,  and  form 
an  ingredient  of  curry  powder.  It  is  as  a  source  of  cattle  food, 
however,  that  they  should  be  considered,  but  for  this  they 
would  have  to  be  killed  by  immersion  in  hot  water.  Only  a 
small  percentage  of  the  swarm  could  be  used  in  this  way,  and 
the  digestibility  of  the  food  would  first  need  investigation.  It 
has  been  suggested  that  locusts  would  form  a  useful  poultry 
food.  As  a  manure  they  would  no  doubt  be  successful,  but  no 
details  are  at  hand  of  the  availability  of  the  crude  "  fibre," 
and  the  large  proportion  of  fat  might  be  deleterious.  Pre- 
sumably the  59*6  per  cent,  of  "  Protein  "  is  based  on  a  Kjeldahl 
analysis,  which  would  include  chitin. 

Grasshoppers  are  not  of  the  same  importance  economically 
as  locusts,  but  locally  often  cause  great  damage.  Large 
increases  in  numbers  occur  owing  to  cessation  of  parasite 
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activities  and  other  causes.  The  methods  of  }>aggiiig  and 
poisoned  baits  used  against  locust  hoppers  may  h(*.  usc^d 
effectively,  and  cultural  methods  can  be  appHed  according  to 
the  circumstances.  The  fungus  Sporotrichvm  (jlobidijtnm. 
which  is  used  against  Chinch  Bug  is  said  to  be  effective  on 
some  species. 

The  important  economic  genera  are  Pachylylus,  Anlmrhes^ 
Hieroglyphus,  Acridium,  ScMdtocerca,  Mel(mopI/i(,s. 

LocusTiDiE  {Phasgonuridfje.,  TefM(/07ind(r). 
Green  grasshoppers,  Longhorn  grasshoppers. 

Antennsa  longer  than  head  and  prothorax ;  tarsi  four- 
jointed  ;  auditory  organ,  when  present,  on  fore  tibia  just 
below  knee.  Musical  organ,  when  present,  on  basal  portion 
of  tegmina.   Ovipositor  generally  long  and  blade-shaped. 

The  Locustidse  form  a  group  of  little-known  inhccts  wliieh 
are  clearly  not  closely  related. 

As  a  body,  they  arc  much  more  fragile  than  Acridiicls  in 
structure,  and  are  not  given  to  taking  long  flights.  Nc)HpecieH 
is  known  to  exhibit  any  tendency  to  migratory  hal)itH,  and 
there  is  rarely  any  sudden  increase  in  numbers,  which  is  suc^li 
a  feature  of  the  Acridiicls.  Nearly  all  members  of  the  family 
are  large,  but  as  a  whole  they  are  sedentary  and  nocturnal. 
They  have  a  habit  of  licking  the  front  tarsi  and  r(?j)eate(lly 
passing  the  antennae  through  the  maxilla}.  Many  are  much 
modified  in  structure,  such  as  ScMzodactylus  vhonMtniosVH  in 
the  East  Indies,  which  has  long  tegmina  and  wings  which  an^ 
curled  up  at  their  extremities,  is  without  ocelli,  and  is  said 
to  have  no  auditory  apparatus.  The  predominant  colour  is 
cryptic  in  character,  the  most  common  shade  being  gr(r(*ii. 
Burrowing  and  ground  or  nocturnal  forms  are  coloured  in 
sombre  shades  of  brown  and  grey.  I)ecei)tive  colouring  on 
the  hind-wings  is  common.  Mimicry  of  plants,  tree-bark, 
dead  leaves,  and  insects  is  a  feature  of  this  family. 

The  tegmina  often  resemble  leaves  very  closely,  and  in  the 
South  American  Pterochroza  they  simulate  leaves  in  varying 
stages  of  growth  and  decay,  even  the  spots  caused  by  fungous 
growths  not  being  forgotten.    In  a  specimen  descriljcd  by 
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Brunner  von  Wattenwyl,  the  marks  made  by  leaf  miners  were 
reproduced.  A  few  species  bear  some  resemblance  to  stick 
insects,  and  some  nymphs  mimic  ants.  The  family  is  a  tropical 
one,  few  species  being  found  in  any  country  where  the  average 
temperature  is  low  or  where  cold  nights  are  the  rule. 

The  mouth-parts  are  of  the  ordinary  biting  type,  but  in 
many  the  mandibles  and  maxillae  are  elongated  owing  to  the 
carnivorous  habits  of  the  species.  The  prothorax  is  large,  and 
in  Eugaster  guyoni  in  Algeria  the  mesosternum  has  two  pores 
under  the  anterior  coxse  from  which  jets  of  a  caustic  jSluid  can 
be  ejected.  The  ocelli  are  much  more  imperfect  than  in  the 
Acridiids,  being  often  rudimentary,  or  sometimes  entirely 


Fia.  19. — Sanna  impcrialis  (slightly  over  nat.  size). 

absent.  In  some  cases  only  one  ocellus  is  present.  The  antennae 
are  long  and  slender,  composed  of  more  than  thirty  segments. 

The  tegmina  are  usually  large,  and  the  wings  even  more  so, 
but  in  many  species  both  are  absent  in  the  two  sexes.  The 
legs  are  very  motile,  especially  the  fore-legs  of  those  species 
having  the  auditory  organs  present.  It  would  appear  that 
the  direction  of  a  sound  can  be  determined  by  these  means. 
The  abdomen  is  large  and  fleshy,  the  tenth  segment  being 
divided  into  two  parts,  giving  the  appearance  of  eleven  seg- 
ments. A  pair  of  cerci  is  attached  which  persists  through 
life.  The  ovipositor,  which  is  represented  at  birth  by  two 
small  papillae,  is  often  of  great  length,  sometimes  longer  than 
the  body.    It  is  formed  by  a  pair  of  gonapophyses  from  the 
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eighth  segment  which  form  the  lower  portion,  and  by  two  pair^ 
from  the  ninth  segment^  one  inside  the  other.  All  the  valven 
are  held  together  by  a  system  of  tongues  and  grooves  which 
allow  a  sliding  motion  to  take  place.  Males  are  provided  .with 
external  clasping  organs. 

The  alimentary  system  varies  with  the  life  habit,  two  hepatic 
caeca  being  generally  present.  The  trachese  have  no  air 
vesicles  attached  to  them.  The  auditory  organ  consistK  of  a 
complicated  series  of  otoliths  in  a  cavity  of  the  fore  tibia.  Air 
gains  admittance  to  the  organ  by  means  of  an  orifice  on  the 
prothorax  over  the  base  of  the  fore-leg.  This  communicatcH 
with  the  one  on  the  other  side,  and  with  the  cavities  near  the 
tympana  by  means  of  vessels  extending  down  the  legs,  irhcsc 
air  channels  are  not  connected  to  the  main  tracht^al  Hyntom. 
The  tympanal  organs  are  not  present  in  all  species.  The 
musical  organs  are  mostly  confined  to  the  males  of  tlu^  sj)ecics, 
but  are  often  present  in  both  sexes.  Sound  is  produced  by  a 
jerky  movement  of  the  tegmina  which  rubs  a  series  of  serrations 
on  the  inner  surface  of  the  left  tegmen  against  a  rais(ul  v(un  on 
the  inner  margin  of  the  right.  The  motion  is  a  rapid  one,  and 
the  modifications  of  the  tegmina  are  confined  to  the  basal 
portions,  so  that  when  the  wings  are  reduced  tlu^  singing 
apparatus  may  still  be  present.  The  quality  and  volume^  of 
sound  produced  varies  greatly  within  the  family.  The  Katy- 
dids of  the  United  States  are  notorious  for  their  sound  e-apacities. 
They  belong  to  more  than  one  genus,  l)ut  are  so  called  from 
the  words  Katy  did  !  she  did  !  she  did  !  "  being  recognizaJ)le. 
Among  the  Katydids  sound  production  on  the  larg(i  scah^  is 
limited  to  the  males,  and  is  answered  by  a  simple  chirp  on  iho 
part  of  the  female. 

The  life-history  has  been  worked  out  in  very  few  species. 
The  eggs  are  generally  flattened  and  ovoid  in  form,  and  are 
laid  in  the  earth,  on  the  bark  and  twigs  of  trees,  or  on  the 
stems  of  plants  and  grasses,  either  singly  or  in  neat  rows.  Some 
are  inserted  in  the  edges  of  leaves.  Those  of  Meconerm  are 
deposited  in  Cynipid  galls,  while  Xiphidium  ensiferum  lays  eggs 
in  the  galls  of  a  Cecidomyid  on  willows.  They  are  generally 
laid  in  the  autumn  and  hatch  late  during  the  following  spring, 
or  in  summer.  Oviposition  has  been  observed  in  the  case 
of  some  Katydids.    The  tip  of  the  ovipositor  is  first  lubricated 
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by  the  mouth,  an  action  which  is  repeated  before  the  deposition 
of  each  egg.  As  the  ovipositor  is  forced  in  between  the  leaf 
surfaces,  on  the  edge  of  the  leaf,  two  pairs  of  blades  move 
backwards  and  forwards  alternately,  together  with  a  slight 
rotary  movement.  It  is  worked  in  for  almost  its  entire  length, 
which  forms  a  pocket  for  the  egg,  and  is  then  withdrawn  for 
half  its  length  and  the  egg  deposited.  Before  hatching  the 
egg  swells,  and  the  nymph  undergoes  a  moult  during  emergence. 
The  young  nymphs  begin  jumping  and  eating  withm  a  few 
minutes  of  emergence.  The  cast  skin  is  generally  consumed. 
Development  takes  place  in  five  or  six  instars  lasting  about 
ten  weeks,  and  is  similar  to  that  of  Acridiids,  except  that  the 


Fig.  20. — Katydid  (Microcentrum  retinerve  <J  ). 
(After  Eiley— somewhat  simplified.) 


wing  pads  appear  much  earlier.  In  the  case  of  certain  Katy- 
dids the  egg  is  light  grey,  smooth  and  uniform.  Hatching 
may  occur  in  leaves  which  have  fallen  to  the  ground  and  are 
partially  dried. 

The  young  nymph  is  pale  flesh-coloured  on  emergence,  but 
soon  changes  to  green.  There  are  six  moults,  the  wing  pads 
appear  at  the  second  instar  and  can  be  distinguished  at  the 
fourth.  The  nymphal  stage  lasts  from  fifty-eight  to  eighty- 
eight  days.  The  adults  live  in  the  shady  parts  of  the  orange 
trees  during  the  day,  and  mating  takes  place  twenty  days  after 
the  last  moult.  After  the  last  moult  the  tegmina  and  wings 
are  generally  colourless,  but  attain  their  correct  shade  within 
the  hour.  The  food  of  Locustids  is  very  varied.  They  may 
be  herbivorous  or  carnivorous,  or  both.    Possibly  they  may 
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become  carnivorous  when  other  food  fails,  but  many  are 
undoubtedly  entirely  so.  The  herbivorous  species  attack  a 
variety  of  plants,  notably  oranges.  Hibernation  is  almost 
invariably  in  the  egg  state,  and  there  is  only  one  generation 
a  year.  Locustids  may  be  found  on  trees,  shrubs,  bushes, 
and  tall  weeds  and  grass.  Some  species  live  in  caves,  and  have 
very  long  antennae  and  legs,  wings  and  auditory  organs  being 
absent.  Some  species  burrow  in  the  ground.  Most  are 
nocturnal,  living  in  concealment  during  the  day,  but  some 
are  truly  diurnal.  Some  species  have  been  seen  to  capture 
butterflies.  Chalcid  parasites  are  said  to  destroy  twenty- 
five  per  cent,  of  the  eggs  of  Katydids,  and  JEujpelmus  is  said 
to  be  a  very  efficient  egg  parasite.    Spiders  are  of  some 


Fig.  21. — Tachycines  asynamorus. 


importance  as  checks  on  the  nymphs,  and  birds  and  other 
insectivorous  vertebrates  are  useful  on  nymphs  and  adults. 

The  following  list  gives  an  idea  of  the  literature  which  may 
be  consulted :  Kirby's  Catalogue ;  Lucas,  British  Orthoptem ; 
Caudell,  Oen.  Ins,  Fasc.  72  (1908),  138  (1912),  168,  171 
(1916);  Karney  (1907),  and  Gen.  Ins.  Fasc.  131,  135  (1912), 
and  139,  141  (1912);  BoHvar  (1907);  AUard  (1914);  U.S. 
Dept.  Agri.,  Bull  256  ;  Agri.  Expt.  Sta.  Agri.  Coll.,  Colorado, 
Bull  101. 

Only  ten  species  are  indigenous  to  the  British  Isles,  and  three 
have  been  introduced^   Locustids  are  rarely  serious  pests. 
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Most  of  tiio  vegetable  fec^dcrs  arcs  injurious  to  a  certain  exi(vnt, 
l)ut  they  are  not  in  tlie  same  class  as  Acridiids  in  t  his  respect. 
Some  forest  trees  suflVr  from  Locustid  f)(\sts,  hut  tlu^  principal 
economic  species  are  the  Katydids  whicli  do  considerahh'  damage^ 
to  young  green  oranges.  The  Western  ('ri<^k(^t  in  th<^  Uuitc^d 
States  (.4  ?ia/>r//.s  purpurascvm^)  sonx^t  imes  causcss  s<»rious  danutg(^ 
In  (jalifornia  the  Sand  or  J(»rusal(»m  crick(»t  {St('n(iprhnalu.s 
irregularis)^  winch  is  wingless  and 
amber-coloured,  sjx^nds  most  of  its 
time  undergrounci  during  the  day, 
making  excursions  at  night.  It  is 
often  quite  ph^itiful  in  \\w  autunui 
and  early  s|)ring  an<l  d<K»s  some 
damage  to  potatoc^s,  gnawing  through 
tlui  tubers.  Most  of  its  injury  is  (rou- 
tined to  fr(»shly  l)roken  lan(L  Srhi::<f- 
(larli/lii'S^  another  burrowing  form,  does 
much  damage  by  boring  its  way 
through  the  roots  of  plants  in  India. 
Both  Audhrus  and  Sr/i.irjj(lar(i/l((s  are 
normally   carnivorous,    an<l  danuig<^ 


Fui.  22.    Srhh.(*(l<trttflHM  m^^ntHtnonntiH  (ulKKit  nfittintl  Mi/,*'). 


crops  in  tlui  pursuit  of  th<*ir  prey.  Kphipp}(ji r  (xtciu's  on 
vines  in  Europe.  Tlie  wingU^ss  insect  known  as  Tarhyvinv^*^ 
((MynmnoruH  is  to  b(^  found  in  glass-houHes  in  Knglan<l,  im- 
ported from  the  tropics.  It  is  apparently  carnivonais  and 
useful.  The  most  beautiful  orthopterous  insect  in  (ireat 
Britain  is  th(^  Iarg(*  gr(*(^n  Pka^fpmvra  viridiwniu,  the*  otiiers 
are  most  commf>n  in  thct  Isle  of  Wight  and  tin*  South  (!oast  . 

Control  measurers  are  ran^ly  adopt<»d,  th(^  damage  done  not 
being  enough  to  justify  expenditure  in  preventing  it.  ArHenical 
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washes  have  had  some  success  in  treating  Katydids,  whereas 
cultural  methods  would  help  to  control  the  burrowing  forms. 

Grylloblattid^. 

Cerci  with  eight  j  oints .  Tarsi  five  -  j  ointed .  Asymmetric 
ovipositor  of  six  processes.   Legs  cursorial, 

A  family  formed  by  E.  M.  Walker  {Can.  Entom.  xlvi,  1914, 
p.  93),  for  an  insect  found  by  him  in  Alberta.  Two  females 
were  discovered:  the  family  differs  from  other  Orthoptera  in 
having  running  legs  but  a  well-developed  ovipositor  ;  its  five- 
jointed  tarsi  and  eight- jointed  cerci  differentiate  it  from  the 


Fig.  23. — Grylloblatta  campodeiformis.    (X  6.) 
(Adapted  from  Walker.) 


Acridiidce,  Locustidce,  and  Gryllidce.  Chopard  (1920)  discusses 
the  position  of  the  family  in  relation  to  Orthoptera  on  the  basis 
of  the  structure  of  the  apical  abdominal  segments.  Walker 
{Can,  Ent.  LI,  1919,  p,  131)  describes  the  male  and  immature 
form.  Grylloblatta  campodeiformis  is  the  known  species,  found 
running  about  like  centipedes  under  the  stones  of  a  talus 
slope  at  an  altitude  of  about  6,500  feet." 

Gryllidjb  (Achetidce). 

Crickets. 

Antennae  generally  long  and  slender  ;  tegmina  angled  ; 
tarsi  three-segmented.  Auditory  organ  on  fore  tibia.  Ovi- 
positor usually  long,  round,  and  spear-like. 

Grotesque  in  form  and  habits,  and  containing  few  beautiful 
species,  this  family  is  made  up  of  a  number  of  remarkable 
insects  whose  affinities  are  httle  understood. 
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The  crickets  are  medium-sized  insects,  whose  tegmina  tend 
to  roll  up  laterally  at  their  extremities.  The  antennae  are 
generally  longer  than  the  body  and  there  are  many  wingless 
species  or  forms  in  which  the  wings  are  much  reduced.  In 
habit  Gryllids  are  nocturnal,  being  rarely  seen  abroad  in  day- 
light. Cryptic  colouring  is  the  rule,  but  the  tree  crickets  are 
of  a  greenish  white  hue.  Gylindrodes  is  round  and  burrows  in 
plants  in  Australia.  Special  arrangement  of  legs,  to  pack 
them  closely  to  sides,  enables  it  to  burrow.  Many  more  are 
found  in  warm  temperate  and  tropical  climates  than  in  colder 
regions. 

The  prothorax  is  square,  the  abdomen  is  generally  round  and 
provided  with  large  pleurae.   Very  long  cerci  are  present,  which 


Fia.  24. — QryUus  dom&sticua,     (X  2.) 


are  almost  always  flexible,  hairy,  and  unsegmented.  Anal 
glands  giving  a  foul-smeUing  secretion  are  sometimes  present. 
The  mouth-parts  are  hypognathous,  and  of  the  ordinary 
mandibulate  type  common  to  the  Orthoptera.  In  the  majority 
of  Crickets  the  mandibles  are  decidedly  carnivorous  in  character 
and  in  the  larger  species  are  capable  of  inflicting  a  painful  bite. 
The  head  is  generally  large  and  rounded,  while  the  vertical 
frons  is  separated  from  the  vertex  by  a  narrow  rostrum. 
Compound  eyes  are  present,  together  with  three  ocelli.  Many 
forms,  however,  have  the  ocelli  in  an  imperfect  or  rudimentary 
state.  In  many  cases  the  antennae  attain  quite  disproportion- 
ate dimensions.  The  tegmina  are  never  large  or  ornamented, 
and  contrary  to  the  bulk  of  the  Orthoptera  the  right  tegmen 
overlaps  the  left.  It  has  been  observed,  however,  that  this 
may  vary  even  in  the  same  species.  The  inner  portion  lies 
flat  on  the  back,  while  the  outer  or  anterior  portion  is  folded 
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at  right-angles  along  the  sides,  forming  the  angled  tegmina 
characteristic  of  the  family.  The  horizontal  portion  is  modified 
for  stridulation.  The  wings  are  delicate  and  of  fairly  large 
proportions,  and  are  often  rolled  up  at  their  extremities.  In 
many  the  rolled  portions  project  beyond  the  body  and  look 
like  an  extra  pair  of  cerci,  and  may  in  fact  act  as  tactile  organs. 
Generally  they  are  longer  than  the  tegmina,  but  they  are  often 
absent,  and  may  be  fully  developed  or  abortive  in  the  same 
species. 

The  portion  which  projects  beyond  the  tegmina  is  not 
hardened.  The  legs  generally  are  normal,  but  the  fore-legs 
are  modified  for  digging  in  some,  while  in  others  the  hind-legs 
are  reduced.  The  hind  tibia  is  furnished  with  strong  spines. 
The  first  tarsal  joint  is  long  and  terminates  in  two  spines 
between  which  the  small  second  segment  is  often  concealed. 
There  is  no  pul villus.  Some  exceptional  forms  do  not  conform 
to  the  rule  of  these  tarsal  segments.  Owing  to  the  large 
abdominal  pleurae  the  spiracles  are  prominent.  The  sub- 
genital  lamina  generally  carries  two  short  styles.  The  ovi- 
positor is  prominent  and  usually  points  upwards,  but  is  not 
exserted  in  two  sub-families.  The  male  often  has  the  tegmina 
applied  more  closely  to  the  body  than  the  female,  and  in 
Oecanthus  the  tegmina  are  broader. 

The  alimentary  canal  is  short  and  carries  a  crop  and  small 
gizzard.  Two  hepatic  caeca  are  present,  and  numerous  Malpi- 
ghian  tubules  are  found.  In  Gryllotalpa  the  latter  are  arranged 
fanwise.  The  canal  is  enlarged  posterior  to  the  Malpighian 
tubules  in  some.  Very  little  is  known  of  the  internal  structure 
of  crickets.  The  stridulating  apparatus  is  very  similar  to  that 
found  in  the  Locustidce.  Both  tegmina  are  provided  with  a 
series  of  ridges  or  projections  on  the  under-surface,  marked  by 
a  depression  above. 

The  tegmina  are  vibrated  very  rapidly,  and  the  ''file  "  is 
thus  rubbed  over  a  corresponding  ridge  on  the  upper  surface 
at  great  speed.  A  very  piercing  note  is  produced,  which  in 
some  species  can  be  heard  a  mile  away.  In  Brachyiryjpes  the 
tegmina  are  held  at  an  angle  of  60^,  while  stridulation  is  in 
progress,  and  remain  at  that  angle  during  the  temporary 
cessation  of  the  ''  song."  Normally  sound-production  organs 
are  confined  to  males.    During  copulation  the  male  creeps 
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beneath  the  female  and  extrudes  the  spermatophore,  which 
acts  as  the  copulatory  organ.  This  organ  consists  of  a  muscular- 
walled  vesicle  with  a  small  white  papilla  at  the  free  end,  and  a 
chitinous  lamella  at  the  other,  in  the  centre  of  which  is  the 
opening  of  a  tube  leading  to  the  hollow  interior.  The  lamella 
carries  hooks  to  secure  the  spermatheca  within  the  vulva.  The 
pedicel  is  attached  just  below  this  point. 
Little  is  known  of  the  life-history.  About 
three  hundred  eggs  are  laid.  They  are 
cylindrical;  slightly  reniform,  and  longer 
than  broad.  They  are  laid  in  bunches, 
and  when  first  laid  are  soft  and  whitish, 
changing  to  darker  hues  as  they  mature. 
In  burrowing  forms  they  are  laid  in  the 
ground  ;  Brachytryjpes  places  them  half-way 
in  the  earth  at  the  end  of  the  burrow,  each 
in  a  separate  place.  Oecanthus  places  its 
eggs  singly  in  the  stems  of  trees  and  shrubs, 
preferring  the  annual  growths.  The  embryo 
lies  with  its  back  against  the  concave  side 
of  the  egg-shell.  Nymphs  are  similar  to 
adults  except  for  the  wings,  and  the  sexes 
can  be  distinguished  at  very  early  stages. 
For  a  time  the  burrowing  species  live  in 
the  parent  burrow.  Wings  appear  about 
the  third  instar,  the  whole  development 
extending  from  five  to  possibly  twelve 
ecdyses. 

Gryllids  are  omnivorous  feeders,  but  con- 
fine themselves  mostly  to  animal  matter: 
some  are  definitely  herbivorous.  They  feed 
at  night,  burrowing  forms  taking  their  food 
down  into  their  tunnels.  Cannibalism  is  frequent,  and  cast 
skins  are  eaten.  Hibernation  takes  place  as  an  egg  in  most 
cases,  but  may  occur  in  the  nymphal  stage.  There  is  usually 
only  one  brood  a  year,  but  there  may  be  two.  Crickets  live 
in  concealment  dm-ing  the  day.  The  majority  are  ground- 
dweUers,  and  they  include  many  burrowing  forms.  Some, 
such  as  the  tree  crickets,  inhabit  trees  and  shrubs.  Gryllus 
domesticuSy  the  common  house  cricket,  is  abundant  in  many 


Fig.  25. — Sperma- 
tophore  of  Gryl- 
lus campeatris — 
lateral  view. 

(After  Lespds — some- 
what simplified.) 
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old  houses  and  buildings  where  constant  warmth  is  obtainable. 
Several  species  of  Sphex  are  predaceous  on  crickets.  Chalcids 
and  Proctotrypids  are  parasitic  on  the  eggs  of  Oecanthus,  and 
an  unidentiiSled  Dipterous  parasite  has  been  recorded  in  the 
nymphs  of  the  same  genus.  A  species  of  Mermis  has  also  been 
noticed.  Flooding  appears  to  kill  numbers  of  the  burrowing 
species,  probably  acting  as  a  check  more  by  turning  them  out 
of  their  burrows  so  that  crows  and  other  birds  can  catch  them 
than  by  actual  drowning.  Lizards  and  other  insectivorous 
animals  also  play  their  part  in  keeping  members  of  this  family 
in  check. 

The  following  are  the  principal  works  dealing  with  the  family 
generally  or  with  individual  species  :  Lespes  (1855) ;  Kirby's 
Catalogue  (1904-1910);  Lucas,  British  Orthoptera  (1920); 
Walker,  Canad.Ent.  xxxvi,p.  142  (1904) ;  Ghosh,  Mem.  Dept. 
Agri.  India,  Vol.  vi,  No.  3  (1912) ;  Parrott  and  Fulton,  N.Y. 
Agri.  Expt.  Sta.,  Bull.  388  (1914) ;  Parrott,  Gloyer,  and  Fulton, 
Jour.  Econ,  Ento.,  Vol.  viii,  No.  6  (1915) ;  Fulton,  N.Y.  Agri. 
Expt.  Sta.,  Tech.  Bull  42  (1915);  Gloyer  and  Fulton,  N.Y. 
Agri.  Expt.  Sta.,  Tech.  Bull.  50  (1916). 

There  are  only  four  British  species,  a  mole  cricket,  two  field 
crickets,  and  a  house  cricket. 

The  Gryllids  are  not  of  first-class  economic  importance, 
although  great  damage  is  caused  by  some.  Burrowing  forms 
such  as  Brachyirypes  cut  off  young  crops  and  take  the  spoil  below 
ground,  causing  considerable  damage.  The  tree  crickets 
{Oecanthus)  cause  considerable  damage  to  fruit  trees,  bush 
fruits,  vines,  and  crops  of  a  similar  nature,  because  they  carry 
various  bacterial  and  fungous  diseases.  In  the  case  of  tree 
crickets  control  lies  in  the  direction  of  clean  cultivation  and  the 
removal  of  fungous  growths  which  might  be  spread.  Twigs 
in  which  eggs  have  been  deposited  may  be  cut  off,  and  spraying 
with  arsenical  washes  has  met  with  success.  Winter  washes 
have  no  effect  on  the  eggs.  Members  of  this  sub-family  are 
beneficial  to  some  extent,  eating  considerable  numbers  of 
coccids  and  other  small  pests.  Cultivation  must  form  the 
chief  means  of  preventing  damage  by  burrowing  crickets,  but 
poisoned  baits  should  be  successful,  especially  if  put  down  after 
the  land  has  been  well  cleaned,  so  that  Httle  alternative  food  is 
available. 
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The  family  is  divided  into  seven  sub-families,  which  vary 
so  much  in  character  that  some  details  may  be  given  of  each 
one.  In  many  instances  it  is  wellnigh  impossible  to  grade 
certain  species  of  Gryllids  and  Locustids  into  separate  families. 

Tridaciylince.  These  resemble  mole  crickets,  but  are  very 
small.  They  are  generally  found  in  alluvial  silt  areas,  near  big 
rivers,  jump  well  and  burrow  quickly.   The  fore-legs,  as  in  the 


Fig.  26. — Tridactylus  sp.    (x  8.) 


next  sub-family,  are  specially  modified  for  digging.  The  ovi- 
positor is  not  exserted,  and  the  alar  organs  are  imperfect.  The 
hind  tibia  terminates  in  two  processes,  but  the  tarsi  are  abortive. 
Near  the  extremity  of  the  tibia  are  some  plates  which  can  be 
extended  or  retracted  at  will.  The  antennae  are  composed  of 
only  ten  segments,  and  there  are  no  auditory  organs  on  the  legs. 
In  both  sexes  there  are  four  hairy  appendages  on  the  anal 
segment,  two  cerci  above  and  two  articulated  extensions  of 
the  segment  below.    It  is  difficult  to  distinguish  the  sexes. 


Fig.  27. — Qryllotaljaa  africana.    (X  2.) 


Oryllotalpince,  The  mole  crickets  are  an  interesting  group 
of  wide  distribution,  of  a  larger  and  stouter  build  than  the  last 
sub-family.  The  fore-legs  are  modified  for  digging,  the  tibia 
and  tarsus  being  arranged  to  serve  as  shears  for  cutting  through 
roots.  The  first  and  second  joints  of  the  tarsus  are  furnished 
with  strongly  chitinized  processes  which  pass  over  the  edges  of 
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the  teeth,  on  the  tibia  when  moved.  These  insects  prefer  moist 
situations,  like  water,  and  are  said  to  swim  well.  Auditory 
organs  are  present  in  the  usual  place,  but  are  concealed  by  a 
deep  fold.  The  tegmina  are  small,  but  the  wings  are  of  ample 
size.  A  vertical  shaft  is  sunk  in  the  ground  and  horizontal 
galleries  are  made  in  all  directions.  The  oesophagus  is  elongate 
and  carries  a  pouch  on  one  side.  The  gizzard  is  embraced  by 
two  lobes  of  the  stomach,  which  is  continued  back  as  a  thin 
neck,  gradually  becoming  larger.  Below  the  stomach,  on  the 
neck,  a  pair  of  branching  organs  is  situated  which  is  thought 
to  be  peculiar  to  the  sub-family. 

It  is  believed  that  these  insects  are  mainly  carnivorous,  but 
they  can  eat  vegetable  as  well  as  animal  matter.  Most  of  the 
damage  done  to  crops,  which  is  considerable,  is  by  cutting 
through  the  roots,  probably  in  search  of  worms  and  larvse.  Two 
to  four  hundred  eggs  are  laid  in  the  burrow,  and  it  is  said  that 
the  female  carefully  watches  them  until  they  hatch,  and  even 
supplies  the  young  nymphs  with  food  until  after  the  first  moult. 
It  is  stated  that  the  young  nymph's  digestive  system  is  not 
.fully  developed  when  it  hatches,  which  it  does  some  three  to 
four  weeks  after  the  egg  is  laid.  The  eyes  are  reduced,  as  are 
the  hind-legs,  which  are  not  much  used  for  leaping.  In  Porto 
Rico,  Scapteriscus  vicinus  attacks  cotton,  and  may  become 
serious  elsewhere  in  the  tropics .    Mole  crickets  are  garden  pests . 

Myrmecojphilince.  Small  oval-shaped  crickets,  which  are 
found  in  ants'  nests  in  Europe,  Asia,  and  America.  They  are 
apterous,  have  thick  antennae,  and  a  short  broad  abdomen. 
The  eyes  are  abortive,  and  the  ovipositor  is  short. 

GrylUnce,  This  is  composed  of  the  true  crickets,  which  may 
be  surface-living  or  burrowing  in  habit.  The  burrowing  forms 
dig  with  their  jaws,  biting  out  the  earth  and  throwing  it  out 
behind  with  their  legs.  When  too  deep  down  to  do  this  they 
push  the  earth  out  with  the  head.  The  domestic  cricket  may 
be  taken  as  a  representative  type,  and  is  widely  distributed 
in  both  the  New  and  Old  Worlds.  It  is  sometimes  found  out 
of  doors,  but  does  not  live  a  truly  wild  life,  and  warmth  is 
essential  for  its  well-being.  The  wings  are  long  and  project 
backwards  like  cerci.  The  adult  male  alone  produces  the 
chirping  or  other  note. 

Oecanihince,    The  tree-crickets  are  dehcate  and  slender 
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insects,  found  in  the  warm  temperate  and  the  tropical  regions 
of  both  hemispheres  in  some  considerable  numbers.  They 
have  transparent  tegmina  and  whitish-green  colouring.  They 
are  to  be  found  on  trees  and  bushes,  and  make  their  presence 
known  at  night  by  a  shrill  and  persistent  note,  the  rapidity  of 
which  has  been  observed  to  be  closely  related  to  the  tempera- 
ture. The  female  starts  egg-laying  in  late  summer  or  autumn 
by  tearing  off  pieces  of  the  epidermis  with  the  mouth-parts. 
The  ovipositor  is  then  placed  in  the  small  depression  made  and 
pushed  in  at  right  angles  to  the  stem.  After  drilling  for  the 
full  length  of  the  ovipositor  the  hole  is  widened  by  swaying 
from  side  to  side,  and  drilling  out  a  cavity.  It  is  then  partly 
withdrawn  and  the  egg  laid,  after  which  the  hole  is  filled  in  by 


(After  Parrott  and  Poultori— somewhat  simplified.) 

drilling  into  the  sides  of  the  hole  and  pushing  the  loose  material 
down  on  top  of  the  egg.  Loose  epidermis  is  then  torn  off  again 
with  the  mouth-parts,  and  the  whole  finished  off  with  salivary 
secretion.  Eggs  are  laid  singly  and  have  a  cap  on  the  cephalic 
end  which  is  pushed  off  when  the  young  nymph  emerges.  The 
nymphs  are  active  at  night  and  feed  largely  on  small  insects. 
The  cast  skin  is  eaten  after  each  moult,  of  which  there  are  four, 
the  fifth  giving  the  adult  cricket.  In  addition  to  the  musical 
powers  possessed  by  the  male,  a  gland  is  situated  on  the 
metanotum  which  is  exposed  when  the  tegmina  are  raised 
during  stridulation.  The  female  climbs  on  the  male's  back  and 
eats  the  secretion  of  the  gland.  Copulation  takes  place  in  this 
position,  when  the  spermatophore  is  introduced. 

During  the  later  stages  of  the  life-history  tree-crickets  change 
their  feeding  habits  from  a  carnivorous  diet  to  one  consisting 
largely  of  fungi.    They  thus  become  dangerous  as  carriers  of 
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fungous  (liHcases,  and  were  it  not  for  tliis  the  good  done  })y 
feeding  on  injiirions  insects  Avould  probably  exceed  ihv.  damage^ 
done  in  ovipositing  and  feeding  on  portions  of  thc^  host  plant - 

Trigojhidiinm.  In  appearance  these  insects  are  like  beeth^s, 
with  horny  arched  tegmina.  The  hind  femora  ar(^  thick  to  the 
apex,  and  the  second  tarsal  joint  is  cylindrical. 

Ene.oj>terincp..  Delicate  elongate  insects,  many  of  wliieh  ar(* 
aj)terous.  The  hind  tibia  has  five  serrations  only  with  no 
spines.  Most  are  clothed  in  scales.  Extremely  little  is  known 
of  either  of  the  last  two  sub-families. 
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White  Ants.  Termites. 

Soft  insects  with  simple  antennae,  two  pairs  of  equal 
membranous  wings  lying  flat  on  the  abdomen,  and  shed  by 
means  of  a  suture  at  their  base,  or  entirely  wingless.  Biting 
mouth-parts .  Ten  abdominal  segments .  Anal  cerci  present. 
Social. 

The  Termites  have  now  been  promoted  to  a  separate  order, 
but  were  formerly  the  family  Termitidce  of  the  order  Corrodentia 
or  Pseudoneuroptera. 

It  is  unfortunate  that  the  name  White  Ant  has  stuck  to  these 
insects,  but  Termites  can  be  distinguished  from  ants  by  having 
the  abdomen  sessile  on  the  thorax,  and  by  not  having  the 
abdominal  nodes,  universal  in  ants.  The  usual  colour  is 
whitish,  darkening  through  various  shades  of  brown  to  black. 
Four  types  are  commonly  seen  ;  the  winged  adults  with  wings 
longer  than  the  body,  the  ''royalties"  or  ''kings"  and 
"queens  "  which  have  the  bases  of  the  wings  only  as  horny 
flaps ;  and  soldiers,  and  workers,  both  wingless.  The  soldiers 
are  noticeable  on  account  of  their  large  mandibles.  Rarely  is 
any  type  fully  chitinized.  The  various  individuals  make  up  a 
more  or  less  large  community,  and  live  a  social  life  in  a  concealed 
nest,  or  in  the  huge  mounds  familiar  in  many  parts  of  Africa 
and  the  East.  Very  few  live  in  warm  temperate  regions  and 
none  in  the  temperate  regions,  the  vast  majority  being  confined 
to  the  tropics  and  sub- tropics. 

The  head  of  the  soldier  termite  is  well  chitinized,  and  in  this 
type  the  mouth-parts  are  prognathous,  whereas  in  all  other 
forms  they  are  usually  hypognathous.  The  mandibles  arc 
short  with  the  inner  edge  armed  with  teeth,  which  are  generally 
uneven  in  number  on  the  two.  In  soldiers  the  mandibles  are 
developed  to  an  enormous  size,  being  often  as  long  as  the  whole 
of  the  rest  of  the  body.  The  maxilte  end  in  two  curved  points, 
the  labium  is  large,  especially  in  workers,  and  the  ligula  is 
channelled,  but  not  divided,  with  two  lobes  on  the  extremity. 
The  labrum  is  of  characteristic  shape  in  different  genera.  The 

81  G 


S2 


MANUAL  OF  ENTOMOLOGY 


head  ib  large,  especially  in  soldiers,  and  is  articulated  with  the 
thorax  by  two  large  cervical  sclcrites  on  each  side.  TIutc  is  a 
broad  clypeus  having  a  median  line  in  some,  and  the  gula* 
are  large  and  vary  according  to  the  genus.  Eyes  are  generally 
absent,  but  the  winged  adults  possess  compound  (yes,  and 
they  are  present  in  a  reduced  or  rudimentary  form  in  tlu* 
harvesting  Termites.  Some  soldiers  have  comi)ound  eyes, 
but  they  are  not  pigmented.  Two  ocelli  at  most  art^  found, 
while  many  have  a  median  opening,  or  fenestra,  on  the  h(*acl, 
which  is  the  opening  of  a  frontal  gland  whose  secretion  is  usc^d 

in  defence.  The  antenria* 
are  simple,  composed  of 
nine  to  thirty-one  H(»g- 
ments :  the  nunil>er  of 
segments  being  Urns  in  the 
nymph,  the  worker,  and 
the  soldier.  The  number 
of  segments  in  the  nymph 
increases  with  the  generfil 
growth  by  the  division  of 
the  third  segment,  'i'he 
antennae  in  many  art* 
fitted  with  sensory  hairs, 
and  are  oftt^n  ()})served 
Fi(*.29.-~Workor^c>C  to  be  mutilated  in  the 

(M(Kiifl«i  from  Btigiiifm.)  rei)rf)du(!tiv(i  forms. 

The  wings  an^  unlike* 
those  of  any  other  insect,  and  are  divided  into  two  i)arts 
by  a  suture  at  the  base.  They  are  used  for  a  singU^  flight 
only  and  then  shed  by  breaking  tliem  off  short  at  th(^ 
suture,  the  basal  portion  remaining  attached  to  the  thorax. 
The  neuration  is  simple,  but  varies  in  different  HfH!ci<»H. 
Some  sol(li(?rs  have  vestiges  of  wings,  although  tiie  ruU^  is 
that  soldiers  and  workers  are  always  wingless.  Tlu^  l(»gH 
are  formed  for  running,  and  have  the  tibia  generally  longer 
than  the  femur.  The  tarsi  are  three-  or  four-jointed,  the  apical 
joint  being  the  longest  and  armed  with  two  claws.  The  coxa* 
are  large,  free  andexserted.  The  body  is  often  wholly  clothed 
in  hairs.  The  prothorax  is  well  developed  with  a  pronotum 
which  varies  in  size  and  shape.    The  epistcrna  are  long  ami 
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chitinoTis,  but  do  not  quite  meet,  and  are  in  contiguity  with 
the  cervical  sclerities.  The  epimera  are  large,  and  the  pros- 
terum  is  usually  almost  entirely  membranous  and  varies  accord- 
ing to  the  species.  The  mesosternum  forms  a  large  depressed 
fold ;  the  metasternum  is  terminated  posteriorly  by  a  sclerite 
of  variable  form.  The  abdomen  consists  of  ten  segments,  but 
the  first  is  indistinct.  The  apical  plate  is  divided  into 
two,  each  half  bearing  a  cercus  of  two  to  six  joints,  but 
the  form  of  the  plate  varies  with  the 
species  and  sometimes  with  the  sex. 
In  the  male,  and  sometimes  in  the 
female  as  well,  a  pair  of  very  small 
styles  can  be  made  out  close  to  the 
centre  of  the  posterior  edge  of  the 
ninth  segment.  There  are  two  or 
three  thoracic  and  seven  or  eight 
abdominal  spiracles,  but  in  the  fertile 
queen  there  are  usually  only  six  of  the 
latter. 

The  sex  differences  in  termites  are 
enormous.  After  egg-laying  starts  the 
abdomen  of  the  female  enlarges  to  a 
great  extent,  even  up  to  twenty  or 
thirty  times  its  original  size.  The 
adult  male  also  increases  slightly  in 
size  after  repeated  copulation.  The 
alimentary  canal  is  coiled.  A  slender 
oesophagus  enlarges  abruptly  into  a 
crop,  which,  however,  may  be  absent. 

The  Malpighian  tubules  may  be  fewer  in  number  in  the  adult 
than  in  the  nymph,  but  there  are  generally  four  to  eight.  There 
are  five  hepatic  caeca.  Posteriorly  to  the  Malpighian  tubules 
the  proctodeum  is  enlarged  into  the  so-called  ''paunch," 
which  is  probably  connected  with  the  wood-eating  habits  of 
the  insect,  and  which  contains  a  large  number  of  protozoa. 
Salivary  glands  and  reservoirs  are  present  and  are  very  large 
in  some.  The  fat  body  is  greatly  developed  in  all  winged 
forms.  Small  quantities  of  a  fl.uid  which  is  capable  of  corroding 
metal  and,  it  is  said,  glass,  are  emitted  from  special  structures 
in  the  rectum. 


Fig.  30.~Soldier  of 
Termes  HornL    (x  0.) 
(Modified  from  Bugiilon.) 
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Although  the  eyes  as  a  whole  are  imperfect,  the  protocerebron 
is  very  well  developed,  as  are  also  the  sympathetic  system  and 
the  corpora  allata,  the  latter  being  considered  to  function  as 
ductless  glands.  There  are  three  thoracic  and  six  abdominal 
ganglia,  the  abdominal  ones  in  a  fertile  female  often  enlarging 
so  much  as  to  rival  the  cephalic  ganglia  in  size.  An  auditory 
organ  has  been  shown  to  be  present  by  Miiller.  Communication 
between  two  individuals  seems  to  be  cfTected  when  they  are 
alarmed  by  means  of  peculiar  jerky  movements.  Each  testiw  is 
formed  by  eight  capsules,  opening  into  the  vasa  deferentia, 
which  converge  to  form  a  short  ejaculatory  duct :  with  the 
vesiculse  seminales  situated  at  the  point  of  convergCince.  Tlu^ 
number  of  egg-tubes  in  the  ovary  varies  greatly  according  to 
the  species,  age,  and  fertility  of  the  individual.  The  tuhos 
open  separately  into  the  oviducts,  which  unite  to  form  a  short 
uterus  to  which  is  joined  a  spermatheca.  Near  the  extremity 
of  the  uterus  is  situated  a  much  convoluted  tubular  colleterial 
gland.  The  male  genital  organs  increase  sliglitly,  and  the 
female  organs  enormously,  after  the  first  copulatory  act.  Tin* 
eggs  laid  by  the  queen  termite  are  all  fertilized,  and  are  some- 
times laid  in  enormous  numbers.  They  are  white  or  yellowish 
and  slightly  reniform,  and  are  carried  away  and  tended  by  the 
workers.  Nymphs  of  two  forms,  with  disproportionately 
large  heads,  emerge.  The  two  forms  can  be  distinguished  by 
the  form  of  the  brain,  eyes,  and  genital  organs,  and  are  destined 
to  have  totally  separate  lives.  One  form  becomes  workers  and 
soldiers,  the  other  results  in  fully  sexed  re])ro(luetiv<^  indi- 
viduals. It  will  be  seen  that  the  reproductive  proeesseH  of 
termites  are  thus  extremely  complicated,  for  the  different 
grades  of  the  community  are  not,  as  w^is  thought,  brought 
about  by  careful  feeding  or  special  conditions,  l)ut  arc^  sharply 
divided  in  the  egg  stage  itself.  Furthermore,  there  is  no 
difference  due  to  the  fertilization  or  non-fertilization  of  the 
eggs  as  in  bees,  because  all  the  eggs  are  fertilized. 

The  majority  of  nymphs  are  without  eyes  on  emergence. 
The  metamorphosis  is  slight  and  gradual,  more  in  soldiers  than 
in  workers.  The  nymphs  undergo  about  four  ecdyses,  the 
workers  and  soldiers  completing  their  development  in  a  year, 
while  the  reproductive  forms  may  take  two  years  to  attain 
maturity.    A  quiescent  stage  precedes  the  final  moult. 
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There  are  roughly  three  castes  in  a  colony,  the  reproductive 
pair,  workers  and  soldiers.  The  differences  between  the 
workers  and  soldiers  are  apparently  not  produced  by  differences 
in  food,  but  are  possibly  due  to  inherited  characters.  The 
actual  functions  of  these  two  are  not  strictly  adhered  to.  The 
reproductive  pair  consist  of  a  de-alated  male  and  female,  known 
as  the  king  and  queen.  They  are  responsible  for  producing  all 
the  inhabitants  and  for  keeping  up  the  colony.  The  queen 
increases  enormously  in  size  and  is  long-lived,  taking  in  some 
cases  years  to  reach  the  maximum  size.  On  account  of  her 
size  the  queen  is  often  incapable  of  leaving  the  nest.  In  some 
cases  the  royal  pair  are  imprisoned  in  a  special  cell,  but  the 
royal  cell  is  not  always  present.  Copulation  is  frequent,  and 
it  would  appear  that  the  male  lives  as  long  as  the  female.  They 
are  both  tended  by  the  workers,  who  feed  them  and  carry 
away  the  eggs.  The  workers  also  appear  to  clean  them  care- 
fully by  licking  their  bodies,  but  this  has  been  explained  by 
the  fact  that  certain  exudates  from  the  queen's  tissues  are 
greedily  sought  after  and  eaten  by  them,  but  no  histological 
evidence  can  be  adduced  in  proof  of  this.  In  addition  to  the 
royal  pair  several  individuals  of  a  type  known  as  comple- 
mentary or  neoteinic  royalties  are  kept  in  the  colony.  They 
are  used  to  replace  one  of  the  royal  pair  should  it  die  suddenly, 
or  for  dividing  up  the  colony  into  more  than  one  complete  unit, 
as  is  often  done.  The  neoteinic  royalties  are  nymphs  of  both 
sexes,  drawn  from  the  penultimate  instars,  in  which  the  sexual 
organs  are  specially  advanced,  so  that  when  required  they  can 
rapidly  be  brought  to  full  sexual  maturity,  everything  but  the 
sexual  organs  remaining  in  the  nymphal  state.  They  are 
usually  blind  and  wingless,  but  are  nevertheless  adults  in 
which  one  set  of  organs  has  been  developed  rapidly  at  the 
expense  of  others,  and  cannot  be  considered  to  be  paedogenetic. 
In  many  instances  several  neoteinic  forms  may  be  present  in  a 
colony  together  with  a  normal  royal  pair,  while  in  some  nests 
the  colony  is  carried  on  solely  by  these  forms. 

Thompson  recognized  three  forms  of  reproductive  individuals  : 
the  de-alated  adult  developed  from  nymphs  of  the  first  form," 
a  second  form  with  short  wing  pads,  no  functional  eyes  and 
developed  from  "  nymphs  of  the  second  form,"  and  an  apterous 
third  form  with  only  traces  of  eyes.   A  curious  feature  of  the 
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second  form  is  that  it  breeds  true  and  never  i)r()duces  nymphs 
of  the  first  form  giving  rise  to  winged  adults.  The.  third  form 
also  probably  breeds  true  to  type.  At  any  one  time  males  of 
the  first  form  may  be  found  with  females  of  the  second  form. 
The  actual  number  of  distinct  castes  and  reproductive  forms 

present  at  the  same  timci 
in  one  colony  has  not  by 
any  means  been  worker! 
out  for  even  a  few  of  tlu^ 
species  of  t(^rmites.  As 
many  as  fifteen  forms 
have  l)een  recognized  in  a 
single  colony  owing  to 
the  presence  of  difTerc^nt 
castes,  young  in  various 
stages  of  (leveloj)m(*nt, 
nooteinic  forms,  arul  so 
on.  The  whok^  question 
is  further  complicated  by 
the  fact  that  morc^  than 
one  species  may  b(^  pre- 
sent in  a  colony. 

The  workers  form  thi-^ 
most  numerous  portion  of 
the  colony,  and  occur  in 
most  genera  except  t\w 
Kal()termitida\  They  art^ 
blind  and  wingless,  and  are 
developed  from  either  male 
or  female  nymplis  with 
v^,,        r         c  n  . .  retarded   sexual  orcrans. 

liG.  ,U. — Imago  of  GoptoUmmn  •      ^  • 

CvAjionicus.   (X  8.)  Ihcir  dutics   ai)pear  to 

(Modified  from  Bugnion.)  cousist  of  building  and 

repairing  the  nest,  and  all 
other  forms  of  work  such  as  food-collecting,  tending  the  nym|)hH 
and  looking  after  the  royalties.  In  addition  they  seem  to 
be  the  most  efficient  fighters,  and  appear  to  control  the  whole 
social  system  of  the  colony.  They  are  very  similar  in  the? 
different  species  and  undergo  very  little  metamorphism. 
Soldiers  occur  in  all  genera  except  the  Anoplotermes,  and  are 
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really  more  highly  specialized  workers.  They  are  formed 
from  nymphs  of  either  sex  and  are  blind  like  the  workers, 
although  some  have  eyes  in  a  very  rudimentary  form.  The 
head  is  abnormally  large  and  fully  chitinized,  with  enormously 
developed  mandibles,  which  are  of  use  in  determining  the  species. 
In  fact,  unlike  the  workers,  the  soldiers  are  fairly  typical  of  the 
species,  and  have  been  largely  used  in  classification.  In  some, 
the  so-called  Nasuti,  the  mandibles  are  modified  to  form  a  kind 
of  beak  through  which  a  protective  and  sebific  fluid  can  be 
exuded  at  wiU.  In  some  species  two  forms  of  soldiers  are 
known,  and  some  have  small  wing  pads.  There  is  a  certain 
amount  of  evidence  that  soldiers  which  are  unsatisfactory  in 
their  development  are  killed  off.  Their  function  is  presumably 
protective,  but  this  duty  is  far  more  efficiently  carried  out  by 
the  workers,  and  their  chief  usefulness  would  seem  to  be  in 
assisting  the  workers  and  as  scavengers  in  clearing  up — 
generally  by  eating — all  refuse,  and  in  killing  and  eating  all 
those  individuals  which  have  the  misfortune  to  go  sick  or 
die.  Both  workers  and  soldiers  have  been  seen  with  well- 
developed  reproductive  systems  which  show  no  sign  of  degenera- 
tion or  arrest  in  development,  and  it  is  recorded  that  certain 
abnormal  soldiers  with  wing  pads  are  capable  of  producing 
fertile  eggs  which  hatch  to  normal  caste  nymphs. 

At  certain  times  of  the  year,  depending  on  a  proper  amount 
of  humidity  and  on  a  sufficiently  high  temperature,  large 
numbers  of  nymphs  arrive  at  full  maturity.  As  winged  adults 
they  remain  in  the  nest  for  a  few  days  and  then  emerge  from 
the  colony  in  huge  swarms  and  take  a  flight  of  short  duration. 
They  then  drop  to  the  ground,  having,  it  is  said,  already  paired 
off  to  some  extent  in  the  air.  Soon  after  alighting,  and  when 
each  one  has  found  its  mate,  they  cast  their  wings  by  breaking 
them  off  at  the  suture  at  the  base.  The  female  then  hunts 
round  for  a  safe  spot  under  rubbish  or  fallen  leaves  and  digs 
a  small  hole.  This  procedure  is  an  attempt  to  form  a  new 
colony,  and  copulation  takes  place  about  a  week  after  emer- 
gence. It  is  said  that  actual  copulation  does  not  take  place  at 
this  time,  but  that  the  eggs  are  fertilized  after  being  laid.  It 
appears,  however,  that  on  examination  of  the  spermatheca  at 
this  time,  the  spermatozoa  can  always  be  found.  These  eggs, 
of  which  a  small  batch  only  is  laid,  hatch  to  workers  and  a  few 
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soldiers,  which  are  cared  for  by  the  royal  pair  until  they  are 
fully  developed,  vhich  takes  about  six  months.  During  the 
whole  of  this  time  no  more  eggs  are  laid  by  the  female,  and 
the  royal  pair  forage  for  themselves,  or  subsist  to  a  great  extent 
on  the  nourishment  stored  within  their  bodies.  As  they  are 
usually  so  entirely  dependent  on  workers  it  is  remarkable  that 
they  should  be  capable  of  living  on  their  own  for  so  long  a 
period,  but  they  may  possibly  be  temporarily  adopted  by 
other  colonies.  In  this  way  a  new  colony  is  established,  at 
least  in  theory,  for  very  few,  if  indeed  any,  ever  succeed  in 
establishing  themselves.  The  vast  majority  are  destroyed 
during  the  swarm,  every  insect- eating  animal  collecting  from 
miles  around. 

In  addition  to  water,  six  varieties  of  food  are  consumed  by 
termites,  the  principal  one  of  which  is  probably  wood.  Procto- 
deal  food  is  obtained  by  one  termite  from  another  by  stroking 
its  posterior  end  with  its  antennae,  and  this  food  is  passed  on 
from  one  to  another  until  it  has  no  nutritive  value  left  and  is 
deposited  outside  the  nest.  Stomodeal  food  is  regurgitated 
by  the  workers,  and  is  probably  reserved  for  the  royal  pair  and 
the  nymphs.  Cast  skins  and  dead  bodies,  as  well  as  the  sick, 
are  all  eaten  by  the  soldiers.  Salivary  secretion  is  occasionally 
used  by  the  same  individual  which  produces  it,  but  is  generally 
reserved  for  feeding  the  young  nymphs.  Fungi  are  largely 
used  as  food,  there  being  a  special  chamber  in  the  nest  where 
one  particular  species  of  fungus  is  grown  on  chewed  wood  by 
the  workers,  which  attend  carefully  to  its  cultivation  and  weed 
the  beds  regularly.  This  food  is  used  for  the  nymphs  and 
royalties.  There  is  no  hibernation  among  the  termites, 
nymphs  of  all  stages  being  present  in  the  colony  all  the  year 
round,  and  the  production  of  eggs  going  on  continuously  once 
a  colony  is  formed.  They  live  entirely  in  nests  constructed  by 
the  workers,  and  shun  all  light  and  dry  air,  even  going  to  the 
trouble  of  making  covered  passageways  wherever  they  go. 
In  some  cases  aerial  passages  are  constructed  to  places  above 
ground-level.  Certain  types,  however,  such  as  the  harvesting 
termites,  come  out  into  the  open,  and  many  cases  are  recorded 
of  long  columns  being  seen  on  the  march,  the  soldiers  climbing 
grass  stems  on  the  flanks  and  acting  as  scouts.  The  form  of 
the  nest  varies  with  the  particular  species,  and  is  of  numerous 
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grades,  from  underground  burrows  to  the  colossal  mounds 
of  some  tropical  species  which  are  sometimes  twenty  feet  in 
height.  Some  construct  nests  hanging  from  fence  posts,  rather 
like  wasps'  nests,  with  aerial  galleries  extending  to  the  ground. 

A  large  number  of  termitophilous  animals  have  been  recorded, 
including  other  insects,  lizards,  rats,  and  so  on,  but  it  is  doubt- 
ful if  these  act  as  checks.  A  genus  of  termites,  Eutermes, 
apparently  lives  as  a  guest  in  the  nests  of  other  species.  A 
special  type  of  fungus  is  not  uncommon  on  the  abdomen  of 
soldiers  and  workers  ;  nematodes  have  been  observed  infesting 
the  body  cavity,  and  mites  have  been  observed  externally.  A 
few  protozoan  parasites  have  been  recorded,  but  there  seem 
to  be  large  numbers  of  protozoa  present  in  the  paunch  "  of 
wood-eating  forms,  and  these  probably  live  in  symbiosis, 


Fig.  32, — A  Queen  Termite  (nat.  size). 

assisting  in  the  digestion  of  wood.  The  real  enemies  of  the 
termites,  apart  from  the  insectivorous  animals  and  birds, 
which  destroy  practically  all  the  winged  forms  as  they  emerge, 
are  ants.  Their  relations  with  the  latter  appear  to  be  perfectly 
pacific  even  when  they  have  galleries  crossing  each  other's 
preserves,  but  directly  the  termites'  nest  is  broken  open  by  some 
other  agency,  the  ants  swarm  in  and  destroy  large  numbers. 

An  enormous  amount  of  literature  has  been  written  on  ter- 
mites, both  on  account  of  their  remarkable  life-histories  and 
social  instincts,  and  owing  to  the  extent  of  their  injuries.  The 
following  are  the  most  important  recent  publications : 
Desneux,  Gen.  Ins,  Fasc.  25  (1904),  Wasmann(  1904),  Escherisch 
(1909),  Holmgren  (1909,  1911,  1912,  1913),  Snyder  (1915, 
1916),  Imms  (1916),  Thompson  (1917),  Banks  and  Snyder 
(1920). 

Dr.  Thompson  was  engaged  on  a  book  on  termites  when  she 
died,  and  it  is  hoped  that  it  will  be  published. 

There  are  no  British  species,  but  the  number  of  world  species 
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is  probably  over  nine  hundred.  Desneux  lists  nearly  three  hun- 
dred and  fifty  known  species  divided  into  three  sub-families. 

The  economic  importance  of  the  order  is  considerable,  great 
damage  being  done  to  timber,  especially  the  timber  of  houses. 
Books  and  leather  are  soon  eaten  if  left  in  damp  places,  and 
even  timber  in  forests  may  be  rendered  unfit  for  market. 
Termites  also  attack  wheat,  sunflower,  groundnut,  and  sugar- 
cane, and  are  apt  to  be  a  serious  pest  on  cacao.  Fruit  trees 
are  attacked,  galleries  being  made  from  the  roots  up  the  trunk 
in  the  case  of  apricot,  cherry,  lemon,  peach,  pear,  orange,  etc. 
The  harvesting  species  carry  away  alfalfa,  oats,  wheat,  while 
considerable  damage  may  be  done  to  seedling  plants  and  green- 
houses. It  is  stated  that  these  insects  never  attack  healthy 
growing  plants,  but  that  there  is  some  disease  sapping  the 
vitality  of  wheat,  etc.,  before  they  attack  it,  and  that  they 
start  boring  into  fruit  trees  at  some  point  where  the  wood  has 
decayed,  and  work  on  from  there  to  the  healthy  portions.  In 
this  way  control  may  lie  in  the  direction  of  keeping  up  the  full 
vigour  of  the  plants  by  good  cultural  methods. 

It  is  on  timber  which  has  been  made  into  buildings  or  other- 
wise worked  that  the  termite  does  most  damage.  In  all 
termite  attacks,  one  of  the  great  difficulties  lies  in  the  fact  that 
they  work  unobserved,  the  damage  being  complete  before  it  is 
realized  that  anjH^hing  is  wrong.  This  damage  may  be  very 
rapid:  in  Dr.  Mitchell's  Cairo-to-Cape  flight,  the  wood 
skids  and  frame  of  the  aeroplane  were  attacked  in  one  night's 
halt.  Certain  woods,  such  as  teak  {Tectona  grandis),  green- 
heart  {Neciandra  rodiaci)  and  mahogany,  are  highly  resistant 
to  termite  attack.  When  other  woods  are  used  where  there 
is  a  likelihood  of  termite  attack  they  should  be  kept  absolutely 
dry,  and  where  possible  they  should  be  sunk  in  concrete  and 
not  in  the  ground.  Special  attention  should  be  given  to  venti- 
lation, and  wood  should  be  excluded  from  foundations,  brick  or 
concrete  being  used  in  place  of  it.  It  is  recorded  that  termites 
have  actually  bored  through  cement  and  lead,  so  that  where 
they  abound  wood  should  in  addition  be  treated  with  creosote, 
corrosive  subHmate,  or  other  such  preservatives.  They  are 
capable  of  penetrating  dry  hardwood  if  they  have  access  to 
moisture  elsewhere. 

In  protecting  orchards  and  crops,  care  should  be  taken  not 
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to  plant  at  onco  on  r('<*c»ntly  cleared  land  vvliieh  has  ahtnidant 
food  supplicH  present  in  the  form  of  (U^caying  wood.  'Ilu^ 
ground  nhoiild  be  k(^pt  ])erfeetly  c;lean,  and  if  tcrmit(^H  an^ 
numerouK  in  a  farming  district  it  may  be  advinible  to  cHrcoji- 
tinue  the  ploughing  in  of  stul)l)I(^s  and  the  use  of  farmyard 
manure.  Such  hind  \h  g(^nerally  ])h»ntifvdly  HUpi)lie(l  witln 
humus  and  would  not  h)Ke  its  fertility  for  some  time  if  artificial 
manures  were  used  judiciously.  All  damaged  wood  or  ])lants 
should  1)0  removed  and  burnt  and  thcs  ni^sts  shoidd  be  sought 
out.  These  can  bo  recognized  by  tlu^  a(^cumulations  of  frass 
and  covered  ways,  where  they  im\  not  l)uilt  above  ground,  arui 
by  watching  for  the  emergence  of  the  wingcHl  adults.  Kerosene 
poured  into  the  nests  in  effectives  in  dc^stroying  them,  or  hohk*. 
material  Hoaked  in  carbon  (lisulj)hid(s  may  Ix^  insiTted  in  iho. 
main  burrows.  An  eflieii^nt  way  of  wi[)ing  out  a  n(^st  is  by  the 
use  of  a  closed  cylinder  which  has  thc^  (^nds  removable,  or  is 
fitted  with  a  door,  and  which  has  a  grating  across  thc^  (u^ntn*- 
inside.  An  air-pump  is  fitted  to  the  bottom  and  an  outlet 
tube  to  the  top.  Red-hot  charcoal  is  placed  on  the  grating, 
and  on  this  is  placed  a  mixture  of  arsenic  trioxide  and  sid])h\ir. 
Air  if^  then  blown  through  and  the  arsenic  triHuli)hide  which  is 
formed  is  forced  through  the  outlet  tube  in  the  form  of  vapour. 
The  tube  is  introduced  into  the  tc^rmites'  nest  and  quickly 
kills  all  the  inhabitants.  The  apparatus  can  be  carried  about 
easily  and  is  a  convenient  one  to  use  where  it  is  wished  to 
destroy  a  large  numb(vr  of  nests.  When^,  crops  are  attackcul 
which  can  be  irrigatcnl,  a  very  small  perccintage  of  kerosene  in 
the  irrigation  water  will  destroy  the  termites  without  affecting 
the  plants. 


ZORAPTERA 


Small,  generally  wingless,  terrestrial  insects  ;  agile  and 
predaceous.  Antennae  nine-jointed.  Short  one-jointed  anal 
cerci. 

This  small  order,  comprising  only  one  genus,  was  founded 
by  Silvestri  in  1911,  from  material  sent  from  Ceylon  by  E.  E. 
Green. 

These  insects  are  found  only  in  warm  countries,  having  been 
taken,  up  to  the  present,  only  in  Java,  West  Africa,  Ceylon,  and 
U.S.A. 

The  Zoraptera  were  always  described  as  an  apterous  order 
till  1918,  when  winged  specimens  of  two  distinct  species  were 
discovered.  As  regards  their  evolutionary  interest,  Dr.  G.  C. 
Crampton  says  (1920)  : — 

''Taking  their  anatomy  as  a  whole,  I  would  regard  the 
Zoraptera  as  intermediate  between  the  Isopiera  and  the 
Plecoptera,  with  their  closest  affinities  tending  slightly  toward 
the  side  of  the  Isoptera,  although  the  balance  of  characters  is 
so  evenly  divided  between  the  two  groups,  that  it  is  very 
difficult  to  decide  whether  the  Isopiera  or  the  Plecoptera  are  the 
nearest  relatives  of  the  Zoraptera.  .  .  . 

On  the  other  hand,  the  Zoraptera  themselves  are  very  like 
the  ancestors  of  the  Psocidce,  so  that  they  are  extremely 
important  insects  for  a  study  of  the  evolution  of  the  higher 
forms  such  as  the  Hymenoptera,  Neuroptera,  etc.,  whose 
ancestors  were  undoubtedly  extremely  closely  related  to  those 
of  the  Psocids." 

The  body  is  elongate  and  flattened,  bearing  numerous 
hairs.  The  head  is  of  about  the  same  width  as  the  pro- 
thorax,  and  somewhat  narrowed  in  front ;  it  is  inclined 
downwards  from  the  thorax.  Large,  moniliform  antennse  are 
present,  nine-jointed,  and  expanding  towards  the  apex,  with 
joints  five  to  nine,  sub-conical  in  shape.  The  mandibles  are 
strong  and  of  the  biting  type,  with  well-developed  teeth  ;  the 
maxillse  are  distinctly  separated  into  inner  and  outer  lobes, 
with  five-jointed  palps ;  and  the  labium  is  bilobed  and  bears 
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tlree- jointed  palps.  Compound  eyes  and  ocelli  occur  in  the 
winged  forms,  but  are  absent  in  the  apterous  forms.  Of  the 
thoracic  segments,  the  prothoracic  is  the  largest.  The  legs 
are  uniform,  of  the  running  type,  with  two-jointed  tarsi 
bearing  two  claws  and  a  setiform  empodium.  Thorax  and 
abdomen  are  of  about  the  same  length.  The  ahdomen  con- 
sists of  ten  distinct  segments  which  hroaden  out  from  the  first 
to  the  eighth;  it  possesses  a  pair  of  short,  single- jointed  cerci. 
The  alimentary  canal  is  simple  and  straight  for  the  greater 


Fio.  35. — ZoTotypus  Imbhardi  f .    (x  20approx.) 
(After  Caudell.) 


part  of  its  length.  The  fore- gut  reaches  back  about  haH-way 
along  the  abdomen,  narrows  down  and  then  expands  into  the 
hind-intestine  or  true  stomach.  The  number  of  Malpighian 
tubules  is  rather  uncertain,  hut  is  probably  six.  Zoraptera, 
up  to  the  present,  haye  been  fonnd  chiefly  under  the  bark  of 
trees.  They  are  social  in  habit,  and  in  the  variety  of  individuals 
found  in  one  nest  are  very  reminiscent  of  the  Isojotera.  In  one 
of  the  newly  discovered  species  possessing  winged  forms 
{Z,  Jiubhmdi)  the  following  types  of  individuals  are  found : — 
1.  Chitinized  adxdts,  whose  fully  expanded  wings  had  been 
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shed  at  the  base,  after  the  manner  of  termites ;  with  well- 
developed  eyes  and  ocelli. 

2.  Slightly  chitinized  nymphs  with  nine-jointed  antennae, 
subcutaneous  eyes  and  ocelli,  and  possessing  partially  developed 
wing-pads. 

3.  Non-chitinized,  wingless  nymphs,  without  eyes  or  ocelli, 
and  with  eight-jointed  antennae  ;  otherwise  similar  to  the 
adult. 

4.  Non-chitinized  wingless  adults,  without  eyes  or  ocelli, 
and  with  nine-jointed  antennae.  Closely  resemble  the  nymphs 
of  type  two. 

Of  the  winged  form,  only  females  have  as  yet  been  taken. 

These  insects  have  not  yet  been  bred  out  from  the  egg,  but 
on  several  occasions  a  single  egg  has  been  found  near  a  female 
which  is  in  all  probability  that  of  Zoroiypus ;  it  is  |-  mm. 
by  f  mm.,  and  has  a  sculptured  surface ;  its  size  indicates  that 
the  eggs  are  laid  singly. 

The  sole  family  included  in  this  order  is  the  Zoroiypidce, 
with  one  genus,  Zorotypus,  Silvestri  first  described  the  order 
in  1913,  and  wrote  an  account  of  Z.  neoiropicus  in  1916.  The 
new  winged  forms  were  dealt  with  by  Caudell  and  Crampton 
in  1920. 


PSOCOPTERA 


Book  lice.    Death,  watches. 

Small  soft  insects  with  two  pairs  of  membranous  wings 
having  few  cross-veins  ;  fore-wing  larger  than  hind-wing. 
Antennae  filiform.  Mouth-parts  biting,  Prothorax  small. 
Tarsi  two-  or  three-jointed. 

This  order  formerly  comprised  the  family  Fsocidce  in  the 
order  Oorrodentia.  It  is  referred  to  in  modern  American  text- 
books as  the  order  Corrodmticb. 

In  addition,  to  the  usual  winged  forms,  many  are  known 
which  are  wingless,  or  in  which  the  wings  are  unsuited  to  flight. 
The  winged  forms  have  a  small  prothorax  which  is  concealed 
between  the  head  and  the  large  mesothorax,  which,  again,  is 
fused  to  the  metathorax.  In  the  vdngless  forms,  however, 
there  is  a  larger  prothorax  and  a  small  mesothorax.  When 
at  rest  the  winged  forms  close  the  wings  along  the  body  in  a 
sloping  position,  with  the  posterior  margin  uppermost. 

The  colour  is  usually  whitish,  grey,  or  brown,  but  some 
tropical  species  are  very  brightly  and  artistically  coloured. 
Members  of  the  order  are  probably  more  abundant  in  temperate 
than  in  tropical  regions,  although  the  attractiveness  of  the 
tropical  species  has  led  to  greater  nximhers  being  collected, 
thus  increasing  the  number  of  brown  species  in  these  regions 
over  the  known  species  in  the  cooler  parts  of  the  world.  The 
Hawaii  Islands  are  particularly  rich  in  representatives  of  the 
order,  while  the  largest  species  known,  which  has  a  wing 
expanse  of  an  inch  and  belongs  to  the  genus  Th^rsophoms, 
has  its  home  in  Brazil.  Large  nnmhers  are  preserved  in 
amber.  The  month-parts  are  hypognathons  and  of  the  biting 
tjrpe,  a  curious  feature  being  the  nnusxial  formation  of  the 
maxillae.  Each  maxilla  is  composed  of  a  fleshy  outer  lobe, 
with  the  inner  lobe  modified  to  form  a  remartable  organ, 
which  was  considered  by  the  earlier  writers  to  be  a  separate 
appendage,  and  which  was  given  the  name  of  the  "pick"  or 
*'rod."   The  ^*pick"  articulates  with  the  outer  lobe  hy 
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sliding  in  it  in  the  manner  of  a  piston  sliding  to  and  fro  in  its 
cylinder,  and  is  now  generally  regarded  an  being  the  true 
inner  lobe  of  the  maxilla.  The  suggestions  as  to  what  use; 
this  mechanism  is  put  have  been  many,  among  which  may  Ix^ 
mentioned  the  theory  that  the  ticking  noise  undoubtc^lly  inad(^ 
by  some  species — hence  their  name  death  watches is 
achieved  by  tapping  the  end  of  the  pick  on  wood.  V(^ry 
possibly  the  pick  "  may  be  used  in  puncturing  the  sj)orangia 
of  fungi  on  which  the  insects  feed,  but  this  form  of  action 
has  not  been  observed,  and  the  true  aim  of  tliis  modification 
of  the  maxilla  is  shrouded  in  mystery.    Tlie  labium  lias  a 


The  head  is  large  and  is  provided  witli  (K>mf)OUiid  ey<»H,  which 
are  often  very  convex  and  develoix^d  mon*  in  th(*  umlv  than 
in  the  female.  Three  ocelli  are  present  in  th(*  winged  forms. 
The  antennae  have  from  eleven  to  fifty  segmentH.  In  somc^ 
species  the  wings  are  clothed  in  scales,  so  arranged  and  eolourc^d 
as  to  rival  even  the  Lepidoptera  in  beauty.  Wings  nrv  absent 
almost  entirely  in  Clothilla,  Hyperetes  and  AiropcM.  In  some 
of  the  apterous  species  rudimentary  proct^Hses  can  Ix^  found 
on  the  prothorax,  which  Hagen  considered  to  be  rudimentary 
wings.  With  only  a  few  exceptionn,  wings  and  ocelli  are  both 
present  or  absent  at  the  same  time,  poHsibly  a  case  of  Mend(»Iian 
"linkage."  In  Mesopsocus  the  adult  female  haw  diminished 
wings,  whereas  the  adult  male  has  them  more  fully  developtHl. 


Fig.  34. — AiropOH  sp. 


large  mentum  and  ligula,  wliich 
is  divided  into  two  lobes.  The 
labial  j)alps  are  reducc^d  to  globu- 
lar lobes  placed  extcTually  on  tlu^ 
aiiterior  portion  of  the  labina. 
There  is  a  large  hypo-pharynx, 
which  is  free  and  has  two  gland 
ducts  opening  on  it.  Th(5  labium 
and  })Ost-clyj)e  UH  arct  larg(%  the 
latter  often  apj)earing  as  if  it 
were  inflated.  On  examination 
it  is  fovmd  to  have  s<^v(»ral  muscU^s 
attached  to  its  inn<T  Hurfac(S 
which  have  their  insertion  on  a 
plate  placed  below  the^  anterior 
portion  of  the  <esof)hagUH. 
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It  is  always  noticeable  that  even  when  wings  are  present  and 
fully  developed  there  is  a  marked  reluctance  to  use  them. 
The  tarsi  are  generally  composed  of  two  segments,  but  three 
may  be  present  in  some.  A  peculiar  gland  of  unknown  function 
has  been  noted  at  the  base  of  the  tarsal  claws.  Not  much  is 
known  of  the  internal  structure.  There  is  no  crop ;  there 
are  nearly  always  four  Malpighian  tubules  ;  the  posterior 
portion  of  the  alimentary  canal  is  very  short.  The  ovaries 
are  formed  by  five  egg-tubes  which  all  lead  into  a  common 
oviduct.  The  accessory  glands  are  somewhat  remarkable, 
consisting  of  a  number  of  small  vesicles,  each  with  a  separ- 
ate duct,  enclosed  in  a  sac,  but  they  have  not  been  fully 
investigated. 

The  life-history  is  hardly  known.  The  egg  stage  mostly 
persists  through  the  win- 
ter in  England  ;  they  are 
laid  in  many  cases  under 
silken  covers,  which  are 
probably  spun  by  glands 
in  the  hypopharynx,  and 
then  covered  by  excre- 
mental  matter.  They  are 
placed  on  the  bark  of  35.-Wing  of  Psocid. 

trees  or  on  plants.  The 

nymph  is  similar  to  the  adult,  but  has  no  ocelli  or  wings  at 
first,  and  as  it  grows  the  prothorax  diminishes  in  size.  There 
are  two  or  more  generations  a  year  in  warm  climates,  and 
the  adults  often  live  in  small  colonies  under  their  spun-silk 
covers.  Their  food  is  apparently  animal  and  vegetable  refuse 
matter,  fungi,  lichens.  In  some  cases  it  appears  that  a 
speciality  is  made  of  the  Uredinece,  but  to  what  extent  is  not 
known.  These  insects  may  be  found  on  tree  trunks,  especially 
those  of  the  conifers  and  beech,  and  sometimes  in  birds'  nests. 
Atropos  feeds  on  pinned  insects  in  collections,  and  Clothilla 
eats  the  starch  paste  used  in  binding  books.  It  is  individuals 
of  these  two  genera  which  are  said  to  make  noises  like  those 
made  by  the  death-watch  beetles.  Damp  air  is  in  all  cases 
essential  to  their  life,  dry  air,  together  with  strong  light,  being 
fatal  to  them.  The  action  of  checks  in  nature  is  not  known 
except  that  the  larva  of  Croce  filipennis  feeds  on  the  household 
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species.  There  are  well  over  2,000  species  in  the  world,  of 
which  forty  are  British. 

The  economic  importance  of  the  order  may  be  said  to  he  nil. 
The  household  species  can  be  troublesome  at  times,  OBpecially 
in  damp  places.  As  in  the  case  of  houses  which  harbour 
mites,  the  prejudices  of  the  occupier  largely  determines 
whether  the  insect  is  a-pest  or  not.  The  chief  loser  from  tlie 
depredations  of  these  minute  insects  is  likely  to  be  tlie  entomo- 
logist himself,  if  they  get  into  his  collection.  One  species, 
Psocus  taprobanes,  has  been  recorded  as  damaging  tea  in 
Assam,  but  after  careful  investigation  this  has  been  denied. 
Numerous  observations  and  isolated  papers  have  been  written 
on  the  order,  but  up  to  the  present  no  comprehensive  work  has 
been  done  on  them. 

References, — Derham  (1701,  1704),  Burgess  (1878),  Hagen 
(1881,  1883),  Ribaga  (1900),  Enderlein  (1903,  1904,  1905, 
1906),  Stager  (1917),  Menzel  (1921),  Banks-  numorous 
papers. 


MALIi()PHA(JA  (Llpoplrm) 


Biting  Lice.    Bird  lAco, 

Flattened,  the  head  larfte  ;  the  prothorax  distinct,  nie«o- 
thorax  small,  the  metathorax  small  and  usually  fused  with 
the  abdomen.  Mouth-parts  of  biting  type,  mandibles  well 
developed. 

The  MaUophaf/a  a])p(*nr  to  \vi<I<*ly  (lintrihuti'd  <»v<t  tlio 
world,  though  tJio  tn)f»icul  fauna  is  still  litt!<»  known. 

Then^  is  g<'n(Tully  no  diflirult y  in 
identifying  i\wm  in8<*ctH  ;  th(*y  an* 
all  Hmall  and  Vivo  ])araNiti<'ally  on 
hirdn  and  maninialH,  l)ui  unlikt*  th<' 
Anoplum  ihvy  do  not  sucdc  hlocul, 
Imt  feed  on  i\w  fcuth<*rH  or  hairs  c»f 
their  hoHlB.  Mallopftaija  arc  v<*ry 
active,  enpocially  in  the  early  ^tagen, 
and  ean  run  with  c<)nHid<^ral)le 
speed. 

The  head  is  ahnormally  large  an<l 
flattened  and  often  trianguljir  in 
shape:  the  antenna*,  whieh  are 
short  and  coinposed  of  from  three 
to  five  joints,  are  oft<»n  <'oneealed 
hi  grooves.  The  ey<»s  are  j-iniall  or  i'^n*-  (**ftji*i*n fihtthm  »p. 
ahs(^nt.  Th(^  mouth -parts  are  of  the 

biting  tyjK%  tht^  nuindil)l<*H  Inking  well  deve|o}n*d  and  toothed  ; 
the  maxilhe,  whi<'h  hear  an  inniT  Icdie,  an*  in  muu**  fannfieH 
provid(Hl  with  a  four- jointed  jmlp.  The  hihruni  is  hirge  anil 
a})f )ar<»nt ly  used  as  a  m^raping  organ. 

The  legs,  eHjH*eialIy  th(*  first  pair,  arr  rather  ?^nial!  ;  generally 
speaking,  tlu*  hinl  infesting  speeies  are  provi<le<|  v,  ith  t  wo  eluws 
on  the  tarsus,  wh<»r<»aH  the  mammal  infesting  fcfrms  hav(^  only 
one  claw  :  there  are,  lH>wev<*r,  ^^everal  except irjnn  to  thin  rule. 

With  regard  to  the  internal  anatumyj  therein  little  of  note  : 
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the  nervous  system  consists  of  an  infra-  and  supra- oesophageal 
ganglion,  and  three  thoracic  ganglia. 

The  alimentary  canal  is  simple  :  there  is  a  long  oesophagus, 
which  in  some  forms  is  dilated  to  form  a  crop ;  according  to 
Sharp  the  posterior  portion  of  the  cesophagus  connects  the 
crop  and  the  stomach.  There  are  four  Malpighian  tubulen 
present. 

The  reproductive  system  is  very  simple  :  in  the  male  there 
are  from  four  to  six  testes,  and  in  the  female  three  to  five 
egg-tubes  ;  the  two  oviducts  unite  before  reaching  the  exterior. 
The  eggs  are  laid  singly  or  in  clusters,  and  are  attached  by 
a  gummy  secretion  to  the  hairs  or  feathers  of  the  host.  Xjittle 
is  known  of  the  early  stages,  owing  to  the  difficulty  of  ol)serving 
the  insects  under  natural  conditions. 

There  is  no  complete  metamorphosis,  the  young  lice  on 
emerging  from  the  egg  being  very  similar  to  the  adult.  Besides 
hair  and  feathers,  Mallophacja  also  feed  on  dry  fhikes  of  skin, 
and  according  to  Kellogg  they  will  eat  dried  blood  from  wounds 
or  abrasions  of  the  skin. 

Mallophaga  are  to  be  foxmd  on  almost  every  kind  of  bird  ; 
mammals,  especially  the  domesticated  spoci(^s,  and  certain 
marsupials,  also  harbour  these  insects,  but  out  of  th(^  1,250 
known  species  of  Mallophaga  only  a})()ut  sixty  species  have 
been  found  on  mammals.  Closely  allied  spi^nes  of  l)irds  are 
often  infested  with  allied  species  of  lice.  As  gc^neral  rule, 
particular  species  of  Mallophaga  arcj  confined  to  particular 
species  of  host,  but  notable  exceptions  occur,  (^spt^cially  in 
the  case  of  birds  such  as  waders,  where  diffcTcait  genera  are 
often  in  contact  with  each  other,  so  that  the  parasite^  can  readily 
pass  from  one  bird  to  another. 

Many  species  of  Mallophaga  are  common  to  North  America 
and  Europe. 

The  Mallophaga  have  been  monographed  in  Geyiera 
InsectOTum,  Pasc.  66,  by  V.  H.  Kellogg.  Among  the  earlier 
writers  should  be  mentioned  Giebel  and  Nitzsch,  Insecia 
Epizoica,  and  Denny's  Monographia  Anoplurorvm  Britannice, 
1842. 

Denny  lists  about  200  species  of  Mallophaga  from  Britain, 
but  many  of  them  were  obtained  from  birds  which  are  very 
rare,  or  of  accidental  occurrence  in  the  British  Isles. 
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The  economic  importance  of  the  order  is  not  very  great. 

Bishopp  and  Wood  [Farmer's  Bulleiin,  No.  801,  U.S.  Dept. 
Agr.,  1919)  state  that  more  than  forty  species  of  MallopJioga 
are  found  on  the  domestic  fowl. 

Perhaps  the  commonest  species  is  Mcnopon  jpallicl'am,  which 
is  found  throughout  Europe  and  North  America.  Although 
the  lice  do  not  suck  blood,  they  often  affect  the  general  health 
of  the  fowl,  with  the  result  that  the  egg-yield  is  diminished  and 
the  bird  is  more  liable  to  suffer  from  disease.  Young  chickens, 
especially,  are  very  apt  to  die  when  heavily  infested  with  lice. 

There  are  several  effective  control  measures  :  Bishopp  and 
Wood  recommend  sodium  fluoride  dusted 
among  the  feathers  of  the  chicken,  a 
pinch  of  the  powdered  chemical  to  be 
rubbed  among  the  feathers  where  the  lice 
are  most  numerous.  An  alternative 
method  is  to  dip  the  chicken  into  a 
solution  of  sodium  fluoride  in  water,  the 
proportion  being  f  to  1  oz.  of  the  salt 
to  one  gallon  of  water.  Care  should  be 
taken  that  the  sodium  fluoride  does  not 
get  into  the  food  of  the  chickens,  as  it  is 
poisonous  when  taken  internally. 

Another  remedy  is  to  rub  on  some  •'^'oggr'oiT  tTaS" 
vegetable  oil,  such  as  olive,  gingelly,  or  after  hatching,  (x  10.) 
ground-nut.  This  method  has  been  suc- 
cessfully used  in  India.  The  dust-baths  "  so  frequently 
indulged  in  by  gallinaceous  and  passerine  birds  probably 
checks  the  numbers  of  the  parasites  to  some  extent. 

Kellogg,  in  Genera  Insectorum,  recognizes  two  sub-orders 
and  four  families  ;  these  families  are  quite  distinct  both  in 
structure  and  habits.  There  are  twenty-seven  genera  and 
about  1,250  species  known  ;  the  European  and  North  American 
fauna  has  been  well  studied,  but  many  more  species  will 
doubtless  be  obtained  from  tropical  birds  and  mammals. 

Sub-Order  I.  ISCHNOCERA 

Antennae  exposed,  filiform,  three-  to  five -jointed.  Maxil- 
lary palpi  absent ;  mandibles  vertical.  Meso-  and  meta- 
thorax  fused.   Testes,  four  ;    egg -tubes,  five. 
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Trtchodectid^. 

Antennae  three-jointed  ;  tarsi  with  one  claw.  Found 
exclusively  on  mammals. 

This  family  contains  but  one  genus — Trichodectes — with 
about  forty-five  specie's,  of  which  ten  occur  in  Britain. 

T.  latus  and  T.  scalaris  are  common  on  the  dog  and  ox 
respectively. 

Philopterid^. 

Antennae  five -jointed  ;  tarsi  with  two  claws.  Found  on 
birds . 

The  principal  genera  of  this  large  family  are  Docophorus 
(215  species),  Nirmus  (228  species),  and  Li^eww^  (181  species). 

D.  communis  has  been  recorded  from  nearly  one  hundred 
species  of  birds  ;  Nesiotinus  demersus  is  an  interesting  species 
found  on  the  penguin,  and  Eurymetopus  taurus  is  a  parasite 
of  the  albatross. 

Sub-Order  II.    AMBL YCERA 

Antennae  concealed,  often  clubbed,  four -jointed.  Maxillary 
palpi  four -jointed  ;  mandibles  horizontal.  Suture  between 
meso-  and  meta-thoracic  segments  usually  visible.  Testes, 
six.    Egg -tubes  three  to  five. 

Gyropid^. 

Tarsi  with  one  claw.    Found  exclusively  on  mammals. 

There  is  only  one  genus — Gyropus — with  seven  species. 
Denny  mentions  two  species,  G.  ovalis  and  G,  gracilis,  as  British, 
both  occurring  on  the  guinea-pig. 

LlOTHEIDJE. 

Tarsi  with  two  claws. 

The  members  of  this  family  are  bird-infesting  with  the 
exception  of  three  small  genera,  viz.  Boopia,  with  five  species, 
found  only  on  wombats,  wallabies,  and  kangaroos  ;  Heierodoxus, 
one  species,  found  on  wallabies ;  and  Laiumcephalum,  one 
species,  also  a  parasite  of  wallabies. 

All  the  other  species  in  this  family  are  found  on  birds,  the 
principal  genera  being  Menopon,  with  211  species,  and  Colpo- 
cepJialum,  with  137  species. 
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Segments  of  the  body  imbricate.  Biting  mouth-parts  ; 
body  flattened. 

This  order  has  been  formed  mainly  to  include  the  earwigs, 
formerly  classed  with  Orthoptera. 

The  addition  to  it  of  Hemimeridce  is  at  least  doubtful,  but 
is  rendered  more  plausible  by  the  existence  of  Arixenia,  a 
parasitic  earwig. 

The  literature  is  referred  to  below. 

Burr  creates  sub-orders,  super-families,  and  six  families  of 
true  earwigs  (Forficulids),  but  they  are  here  treated  as  a  single 
family.  If  we  accept  these  many  famihes  in  this  order,  then 
we  should  have  to  accept  many  more  in  Orthoptera. 

FoRricuLiDjE  (Euplexoptera). 

Earwigs. 

Elongate,  slightly  flattened,  elytra  truncate.  Wings  folded 
radially  and  transversely  ;  many  wingless.  Abdomen  long 
and  terminated  by  two  anal  cerci  formed  as  forceps.  Free 
living. 

Owing  to  a  closer  study  of  the  relationships  of  insects,  the 
earwigs  have  now  been  removed  from  the  Orthoptera,  where 
they  formed  the  family  Forficulidce,  and  have  been  placed 
nearer  the  Coleoptera  in  a  separate  order. 

The  common  earwig,  Forficula  auricularia,  is  a  very  well- 
known  insect,  which  is  regarded  with  more  general  loathing 
than  interest.  It  received  the  common  name  of  earwig  owing 
to  the  superstition  that  it  enters  the  human  ear  and  travels 
thence  into  the  brain.  It  has  been  stated  that  the  name 
originates  from  the  shape  of  the  wing,  which  in  some  measure 
xesembles  a  human  ear,  but  it  is  scarcely  possible  that  the 
insect  should  receive  its  popular  name  through  an  organ  which 
is  very  rarely  seen. 
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Earwigs  are  medium-sized  insects,  with  running  legs  of 
moderate  length,  generally  coloured  in  the  sombre  blacks  and 
browns  of  nocturnal  insects,  although  a  few  are  >)rilliantly 
coloured.  The  forceps  are  characteristic  of  the  order,  but 
extremely  variable.  One  or  two  mimic  insects  of  other  orders. 
They  are  common  in  Europe,  but  are  said  to  be  somewhat 
rare  in  other  parts  of  the  world.  They  inhabit  both  temperate 
and  tropical  regions,  the  species  being  more  numerous  in  the 
latter. 

The  prothorax  is  free,  usually  rather  square,  and  th(^  tlioraeic 
segments  generally  are  distinct,  while 
each  sternum  on  the  thorax  {)r()je(^ts 
backwards  so  as  to  overlap  tlu^  an- 
terior part  of  the  following  H(»gment. 
The  abdomen  is  slightly  broader  than 
the  thorax,  is  elongate  an<l  formed  of 
the  segments,  which  are  fittc^d  together 
by  a  complex  imbrication  which  allows 
of  great  strength  c(>mbin(*<l  with  flexi- 
bility. Each  segment  is  formed  of  an 
upper  and  lower  plate,  which  overlap 
one  another  at  the  sidc^s,  and  are  in- 
serted far  forward  in  the  jmntecling 
segment.  The  visible  segmt^nts  are 
two  less  in  the  female  than  in  the 
male,  but  segments  <nght  and  nine  are 
small  and  practically  absent.  At  th(^ 
end'  of  the  a})domen  are  situated  the 
remarkable  forceps  or  anal  cerci.  They  are  f)ftcn  half  hh 
long  as  the  whole  body,  but  are  in  a  few  species  extnnnely 
variable  in  the  same  sex  and  species,  both  in  length  and 
shape.  They  sometimes  cross  one  another  and  assume  the 
most  remarkable  shapes,  being  perhaps  most  variable  in 
the  male  sex,  and  are  always  present  in  the  apterous  forms. 
That  they  are  the  true  anal  cerci  is  shown  by  the  fact  that  a 
Ceylon  species,  of  the  genus  Dyscritina,  has  anal  cerci  formed 
of  many  segments  when  in  the  young  nymphal  stage,  l>ut  losen 
all  but  one  segment,  which  forms  the  forceps,  when  it  becomcB 
adult.  Their  use  is  purely  conjectural.  They  have  been 
observed  to  be  used  as  weapons  of  offence  and  defence,  and 
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it  is  thought  that  they  may  assist  in  the  complicated  business 
of  folding  the  wings,  hut  the  real  purpose  remains  a  mystery 
Between  the  forceps  is  a  perpendicular  plate  kno^ni  as  the 
telson,  the  pygidium  being  a  separate  plate,  which  has  the 
appearance  of  being  the  tenth  dorsal  sclerite  bent  downwards. 
On  most  earwigs  there  is  a  small  fold  on  the  tergite  of  the 
fourth  segment  or  thereabouts,  which  contains  a  small  opening 
connected  to  odoriferous  glands.  In  a  rudimentary  state, 
earwigs  show  an  attempt  at  union  between  the  thorax  and 
the  first  ab  dominal  segment . 

The  mouth-parts  are  of  the  usual  mandibulate  structure, 
with  fairly  prominent  maxillulse  in  association  with  the  hypo- 
pharynx.    The  labial  and  maxillary  palpi  are  stated  to  be 
sensory,  and  there  is  a  small  apical  segment  on  the  palpi 
which  seems  characteristic  of  the  order.    The  head,  which 
is  slightly  flattened,  carries  large  compound  eyes,  but  no  ocelli. 
The  antennae  are  about  half  thelengtk  ofthebody  andfiliEorm, 
almost  monilif  orm.    The  number  of  antennal  segments  increases 
with  age,  there  being  from  ten  to  fifty  in  the  adult.  The 
elytra  are  short,  thick  and  leathery,  and  rarely  cover  more 
of  the  body  than  the  portion  below  which  the  hind-legs  are 
inserted.   They  meet  in  a  straight  line  down  the  back.  The 
wings  are  very  large  compared  with  the  elytra,  and  fold  in 
the  complicated  manner  indicated  above — a  way  of  folding 
the  wings  used  by  no  other  insect.    They  project  shghtly 
from  under  the  elytra,  the  portion  which  projects  being  harder 
than  the  rest  and  coloinred  to  harmonize  with  the  elytra. 
When  expanded,  which  it  rarely  is,  the  wing  is  shaped  like 
the  human  ear  and, is  very  delicate  in  texture.    Labia  minor 
flies  freely,  and  can  often  be  watched  folding  up  its  wings. 
The  legs  are  inserted  far  apart,  have  small  free  coxae  and  three 
tarsal  joints,  generally  with  no  pulvillus .  The  spiracles  are  small 
and  placed  on  the  pleural  membranes,  making  it  impossible 
to  see  them  unless  the  body  is  well  stretched  out.    There  are 
three  pairs  of  thoracic  and  seven  pairs  of  abdominal  stigmata. 
The  genital  orifice  has  been  observed  to  be  double  in  some 
males.   The  forceps  are  generally  larger  in  the  male,  which 
has  nine  visible  ventral  segments,  while  the  female  has  seven. 

The  alimentary  canal  is  not  convoluted,  and  is  provided 
with  a  crop  and  a  gizzard.    Salivary  glands  are  present,  and 
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there  are  thirty  to  forty  Malpighian  tubules.  The  tracheal 
system  is  small,  with  no  dilatations,  and  there  are  three  thoracic 
and  six  abdominal  ganglia,  of  which  the  last  is  larger  than 
the  rest.  The  ovaries  vary.  The  common  earwig  has  only 
one  tube  on  each  side,  while  species  of  Labidura  have  five, 
terminating  separately  into  the  oviduct,  which  lies  obliq^uely 
in  the  body  cavity.  The  testes  are  a  pair  of  curved  bodies 
connected  to  a  slender  vas  deferens.  The  oviducts  open 
separately  to  the  exterior,  but  a  male  has  been  recorded  in 
which  there  was  a  double  ejaculatory  duct.  It  is  interesting 
to  note  that  the  genital  ducts  of  this  order  are  mesodermal 
and  not  ectodermal  in  origia. 

Little  is  known  of  the  life-history  in  general,  but  that  of  the 
common  earwig  has  recently  been  worked  out  in  the  United 
States.  The  eggs  are  round  and  white  and  are  laid  in  batches 
of  fifty  to  ninety  in  the  ground  or  under  some  shelter.  They 
are  generally  laid  in  the  autumn,  and  the  female  remains  with 
them  and  hibernates.  It  is  stated  by  some  authorities  that 
the  female  tends  the  young  nymphs,  which  hatch  in  the  spring, 
but  others  deny  this  and  say  she  has  no  further  interest  in  her 
progeny  after  they  have  hatched.  The  young  nymphs  lie 
in  a  curved  position  in  the  egg  and  are  provided  with  an 
egg-tooth  for  piercing  the  shell.  When  they  just  emerge  they 
are  white  and  could  easily  be  confused  with  the  Thysanura 
at  first  glance.  They  are  similar  to  the  adult,  and  in  the 
apterous  species  are  difficult  to  tell  from  the  adult  except 
by  the  chitin,  which  is  much  softer,  and  by  the  fact  that  the 
pincers  are  less  developed  and  that  the  antennae  have  fewer 
joints.  It  has  been  stated  that  they  will  collect  under  the 
mother  lik^  chickens  under  a  hen,  and  they  have  also  been 
observed  to  eat  their  mother's  dead  body.  The  imago  is 
most  active  in  damp  weather,  sometimes  comes  to  light  as 
in  the  case  of  JLabidura,  is  nocturnal  in  habit  and  Ues  in 
concealment  during  the  day.  The  food  of  earwigs  consists 
of  decaying  vegetable  matter,  small  insects  and  larvae,  and 
sometimes  their  own  race.  They  devour  poUen,  sap  and  the 
petals  and  stamens  of  flowers.  The  nymphs  of  F,  auricuhria 
have  two  feeding  periods  in  the  United  States,  the  first  one 
occurring  in  spring  and  the  second  later  in  the  summer.  Their 
food  at  first  consists  of  the  tender  shoots  of  clovers,  grasses. 
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dahlia  and  other  plants.  Later  on  they  feed  on  green  shoots, 
blossoms  and  the  bases  of  petals  and  stamens.  These  foods 
are  presumably  in  addition  to  the  ordinary  mixed  carnivorous 
and  herbivorous  diet. 

Hibernation  takes  place  in  the  autumn,  the  individuals 
consisting  of  young  adult  males  which  have  developed  too 
late  for  copulation,  and  females.  All  other  males  die  after 
copulation  has  taken  place.  For  the  purpose  of  hibernation 
the  adults  often  collect  in  large  numbers.  They  are  to  be 
found  in  the  ground  or  in  sheltered  places,  such  as  under  the 
bark  of  trees,  in  rotting  vegetation,  under  stones — in  fact 
anywhere  where  it  is  fairly  damp.  Many  are  found  on  the 
seashore,  and  Anisolabis  maritima  lives  under  seaweed  in 
the  United  States.  Labia  minor  can  generally  be  found  in  the 
neighbourhood  of  manure  heaps.  The  natural  enemies  are  such 
insectivorous  vertebrates  as  birds,  frogs  and  toads,  and  also 
predatory  beetles.  There  is  a  Tachinid  parasite,  and  many  are 
attacked  by  nematode  worms  of  the  genus  Mermis  and  Filaria, 
which  lives  in  the  body  cavities  of  adults  and  nymphs. 

For  a  more  extended  study  of  the  order  the  following  works 
should  be  consulted:  Perkins  (1903);  Kirby's  Catalogue 
(1904);  Burr  (1914)  and  Gen.  Ins.  Fasc.  122  (1911);  U.S. 
Dept.  Agri.  Bull  566  (1917) ;  Brindley  (1918) ;  Lucas,  British 
OrtJioptera  (1920). 

Seven  species  are  indigenous  to  Britain  and  four  species 
have  been  introduced.  Known  species  number  about  500, 
with  a  total  of  somewhere  about  double  that  number. 

As  a  whole  the  economic  importance  of  the  DerTmptera 
may  be  said  to  be  small,  although  in  many  cases  they  may  be 
much  less  of  an  actual  pest  than  is  supposed.  For  instance, 
^Chelisoches  melanocepTialus  is  commonly  found  in  the  bores 
made  by  boring  caterpillars  in  sugar-cane,  and  may  be  acting 
as  a  check,  while  Perkins  observed  Anisolabis  annulipes 
attacking  the  hopper  Perkinsiella  saccharicida.  As  pests 
they  are  confined  to  gardens,  and  in  Europe,  at  any  rate,  are 
not  to  be  counted  at  all  serious.  They  are  probably  kept 
down  by  the  natural  enemies,  and  the  ordinary  gardener's 
method  of  inverted  flower-pots  filled  with  grass  serves  to  check 
their  damage  on  show  flowers.  In  1911,  however,  F.  auricularia 
was  noticed  in  some  numbers  in  the  gardens  of  large  estates 
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at  Newport,  R.I.,  and  by  1916  had  become  a  serious  pest  on 
ornamental  flowers.  This  was  probably  owing  to  the  earwigs 
having  been  imported  without  all  the  natural  enemies.  Action 
was  taken  against  them  by  spreading  poisoned  bait  early  in 
May  to  kill  the  young  nymphs.  A  mixture  of  stale  bread  and 
Paris  green,  made  into  a  thin  paste  with  water,  was  scattered 
broadcast  late  in  the  evening.  This  appeared  very  effective 
and  was  not  dangerous  to  song-birds  owing  to  the  large  amount 
of  other  food  available.  After  the  nymphs  had  migrated  to 
the  blossoms,  they  were  sprayed  with  a  soap  and  nicotine 
sulphate  solution.  In  England  earwigs  have  been  so  abundant 
in  camps  and  in  houses  as  to  constitute  a  real  pest.  Gardeners 
dislike  them  for  their  habit  of  collecting  in  soft-petalled  flowers, 
such  as  dahlias,  which  they  eat. 


Aeixeniidje. 

Parasites  on  bats.  Eyes  reduced  ;  wingless.  Mandibles 
flattened,  not  functional.   Cerci  long,  not  segmented. 

A  family  formed  by  Jordan  (1909)  for  insects  found  in  the 

pouch  of  a  Malayan  bat. 
Included  in  Dermajptera  by 
Burr  in  Genera  Insectorum, 
Ease.  122  (1911).  Jordan 
refers  to  them  as  anatomi- 
cally and  morphologically  a 
connecting  link  between  the 
earwigs  and  Hemimerus,  but 
''not  in  a  phylogenetic 
sense."  In  general  they  re- 
semble the  wingless  earwigs  ; 
and  it  is  a  possible  point  of 
view  that  they  are  a  link  to 
Hemimerus.  Whatever  place 
we  give  to  Hemimerus,  this 
apparently  definite  family 
are  closely  related,  phylo- 
genetically,  to  Forficulidce. 
They  are  obviously  of  no  economic  importance :  Arixenia 
esau  Jord.  is  the  know^n  species. 


Fig.  39. — Arixenia  esau. 
(Simplified  from  Jordan.) 
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Hemimeridje. 

Small,  blind  and  wingless  insects,  with  long  flexible  cerci  ; 
found  as  parasites  on  the  bodies  of  some  African  rodents. 

In  appearance  the  Hemimeridce  are  something  like  very 
small  Bkttids,  lut  are  distinctly  smaller  than  Cimex.  They 
are  exceedingly  rare,  and  rery  little  is  known  about  them. 
As  far  as  is  known  they  are  limited  to  parts  of  West  and  East 
Africa. 

The  body  is  somewhat  flattened,  the 
pronotum  large,  and  the  abdomen  fairly 
broad,  terminating  in  a  pair  of  long 
one-segmented  cerci.  They  are  broAvn 
in  colour.  The  structure  of  the  pleura 
is  not  understood,  but  on  the  abdomen 
they  are  said  to  be  similar  to  those 
found  in  Forficulidoe.  The  labrum  is 
large,  as  are  the  mandibles,  which  are 
toothed  on  the  inner  edge.  The 
maxillse  are  well  deyeloped  and  are  pro- 
yided  with  Ave- jointed  palpi.  The  most 
notable  part  of  the  structures  which 
form  the  mouth  is  the  Epipharynx- 
hypopharynx,  which  consists  of  a 
bilobed  organ  with  an  articulated 
appendage  on  each  side,  probably  a 
palp.  The  legs  have  small  coxae,  and 
are  provided  with  three-j  ointed  tarsi,  two 
of  these  joints  being  pubescent  below. 
The  spiracles  are  difiicnlt  to  see,  but 

Hansen  says  there  are  ten  pairs.  The  genital  aperture  is 
sitaated  between  segments  eight  and  nine.  Reproduction  is 
viviparous,  the  young  being  said  to  be  horn  six  at  a  time,  bnt 
it  is  more  probable  that  they  are  born  singly.  The  ovaries 
are  stated  to  have  eight  egg-tubes  each.  Hansen  has  stated 
that  the  nymphs  are  connected  with  the  walls  of  the  material 
organs  by  a  process  from  the  neck,  but  no  details  of  this  have 
been  ascertained.  The  nymphs  are  said  to  be  similar  to  the 
adults,  but  with  a  simpler  structure  of  the  antennae,  which 
are  long  and  filiform  in  the  adult. 


Fig.  40. — Hemimerus 
Hanseni, 
(After  Hansen.) 
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For  the  available  information  on  these  little  known  insects 
the  following  should  be  consulted :  Saussure  (1879),  Hansen 
(1894),  Bormans  and  Krauss  (1900),  Vosseler  (1907),  Car- 
penter (1909),  Jordan  (1909),  Heymons  (1912). 

There  are  no  British  species,  and  the  group  is  of  no  economic 
importance. 
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Beetles. 

Fore -wings  (elytra)  thickened,  meeting  in  a  straight  line. 
Biting  mouth-parts ;  second  maxillae  fused. 

This  is  a  large  and  very  well-known  order.  Its  members  are 
widely  distributed  throughout  the  world  and  are  found  in  all 
situations.  Many  of  them  are  of  considerable  economic 
importance  and  come  a  good  deal  under  the  notice  of  mankind. 

Beetles  are  as  a  rule  very  easily  recognizable,  being  different 
in  appearance  from  the  insects  of  any  of  the  other  Orders. 
They  have,  with  few  exceptions,  a  hard  or  leathery  integument 
and  two  pairs  of  wings,  the  anterior  pair  usually  being  horny, 
forming  a  shield  or  covering  for  the  posterior  pair,  which  arc 
membranous,  and  in  most  cases  functional,  folding,  when  not 
in  use,  beneath  the  elytra,  as  the  anterior  pair  are  called.  The 
elytra  in  the  majority  of  cases  meet  in  a  straight  line  down  the 
centre  of  the  back  ;  but  there  are  several  species  in  which  they 
become  widely  separated  toward  the  apex.  In  some  cases  they 
are  more  or  less  truncate,  as  in  the  Btaphylinidce  and  Psela- 

The  head  is  as  a  rule  normal  in  shape  and  size,  and  is  very 
mobile.  There  are,  however,  a  number  of  species  in  whicli  it 
is  of  unusual  form,  e.g.  in  the  lihynchopJiora  it  is  produced 
in  front  to  a  greater  or  less  degree,  often  forming  a  long,  bc^ak- 
like  structure  known  as  the  rostrum,  at  the  apex  of  which  the 
mouth-parts  are  situated.  The  mouth-parts  are  of  the  i)re- 
daceous  or  herbivorous  biting  type.  There  is  a  labrum  or 
upper  lip  usually  present,  varying  in  size  and  entirely  wanting 
in  the  Curculionidce,  The  mandibles  vary  according  to  the 
food-habits  of  the  beetles.  The  herbivorous  species  hav(^ 
short,  broad,  blunt  mandibles,  well  adapted  for  the  kind  of 
work  they  have  to  do.  Carnivorous  beetles  have  longer 
mandibles,  sharply  pointed,  and  sometimes  with  a  cutting  edgc^. 
With  one  exception  the  mandibles  move  horizontally :  the 
exception  is  that  of  the  genus  BalmiinnH  of  the  Curculionda', 

in 
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in  which  the  mandibles  move  vertically.  There  are  a  pair  of 
maxillae  present,  furnished  with  three-  or  four- jointed  palpi. 
The  palpi  are  rarely  five-jointed.  The  lower  lip  or  labium 
carries  three-  or  two- jointed  palpi  which  are  in  some  cases 
setif  orm.  The  compound  eyes  vary  much  in  shape,  some  being 
oblong,  kidney-shaped,  or  round,  others  divided  by  a  ridge,  or 
strongly  emarginate.  The  number  of  facets  vary  considerably. 
In  some  cave-dwelling  species  eyes  are  absent.  Ocelli,  although 
the  usual  organs  of  vision  in  the  larvae,  are  very  seldom  pre- 


FiG.  41. — Types  of  Antennse. 

1.  Filiform — Carabid.    2.  Serrate — ^Elaterid.    3.  lamellate — Lucanid. 
4.  Clavate— Stajihylinid.   5.  Geniculate — Curculionid. 


sent  in  adult  beetles.  The  genus  Homolmm  of  the  Staphy- 
linidce  and  some  of  the  Dermestids  possess  a  frontal  ocellus. 

The  antennse,  also,  are  very  variable,  showing  great  diversity 
as  to  form,  length,  number  of  joints,  and,  in  a  less  degree, 
position.  The  majority  of  the  beetles  have  eleven- jointed 
antennae  placed  either  in  front  of,  or  between,  the  eyes.  As 
regards  form  they  may  be  filiform  or  simple,  moniliform, 
clavate,  flabellate,  serrate,  lamellate,  and  lamellate  with  the 
club  formed  of  movable,  leaf-like  segments.    (Figs  41,  42). 

The  head  is  usually  broadly  united  to  the  thorax ;  but  in 
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some  cases  tluTC  is  a  distiiK't  neck.    Thv  thorax  is  composed 
of  three  portions  ;  the  prothorax,  tin*  nicsothonix  and  tli<*  iiu'ta- 
thorax;  tho  upper  portions  h(»ing  the  pro-,  imsso  ,  and  ni<*ta 
notinn  and  the  h)wer  j)(>rtions  th(»  j)ro  ,  nieso-,  an<I  lueta- 
sternum.    The  pronolum  in  nvvi^r  joined  to  tin*  nn^Honotuni. 
The  metanotum  is  eovered  hy  the  (dytra,  whih*  ordy  a  small 
I)art  of  the  mesonotum  is  visihie,  this  visihh*  portion  Inung 
called  th(^  seutelhun.    Thv  pronotvan  is  phiirdy  vinihh'.  The 
elytra  are  app(»nd</d  to  the  ine.Mmotuin  an<l  tJte  wings  to 
the  metanotmn.    Th(*  anterior  pair  of  U*^h  are  borne  hy  tht* 
j)roHternum,  th<*  intermediate  pair  by  the  nH'sostennun*.  and 
the  posterior  pair  hy  tht*  m<dastenunn.     Th(*  jd)d<»men  is 
made  up  of  a  vari(*<i  nuniber  of  segnients.  usnallv  iWv  or  iiix 
being  visildeon  the  ventral  surfaee  ;  on  tiie  d«»rsiun.  eover<»d  as 
a  rul(»  hy  the  <*lytra,  sevc*n,  eight,  ttr 
even  nine  H(»gm(»ntH  are   visibh*.  The 
elytra  in  th<»  majf»rity  of  chhi^h  eoinpJfdelv 
cover  th(^  alxlomeii ;  but  in  Hom<»  speeie.H. 
as  mentioned  above,  they  an*  very  trnn 
cate  :  in  some  other  formn  they  leave  the 
aiK^x  of  the  HlKiomen  exposed.  Wings 
in  many  eases  are  large  and  funetional  ;       <  ♦*ri,  h»f*  f    (  V*7o 
in  some  formn,  hrmfver.  tbey  im*  very       f'"'^*;',  r^iyan.^ 
rudinientary  or  t<dally  abnent.  Wh«*it 
not  in  use  the  hirge,  fum  tioning  wingn  are  neatly  and  in 
trieatelv  ff»Ided  I  if*neatb  tb<*  idvtra. 

The  legs  vary  a^  to  h-ngth,  am!  .*.haiM\  bt^ing  uflajded  to 
the  habits  of  their  pf»^HeMor**.  They  may  be  ftirmi'tl  for  digging, 
as  in  the  Smmtnf  itiif\  or  for  Hwiniining,  a>4  in  the  Ihjii  ntitr  : 
beetles  like  the  CieiuflebdH  have  tbi-  long,  nleftder/ runiung 
tyjK*  of  h*g;  others,  hke  the  Haltif  idn.  have  the  bittd  femora 
thiekc*ned  am!  formed  for  jumping  The  nnmfier  of  tarsal 
joints  vary,  but  thi  re  are  ram  r  more  than  fivl^  TU^ 
which  join  the  legs  to  the  body,  fif  into  mn^lvU,  rail,  f|  tbr  «  o^al 
cavities.  The  eavilii  of  I  hi-  iuiferior  *  oAa%  if  plan  d  mfirely 
within  the  prosterniim.  are  ♦^aid  ft*  hv  thmd  Uhmd  .  but  if 
placed  on  the  juneture  of  tht-  |iroHtf  rimin  and  im  i^oHti  rnnni. 
are  said  to  be  uinm  luddnd  in  M*m*'  ^^i^h-m-h  there  in  a  *.niall 
trochantin  attaehirl  In  thr  uf  th  nnUm*r  and  intirim- 

diatc*  pairs  of  h*g*i. 
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As  regards  the  internal  structure,  the  alimentary  canal  is  of 
more  or  less  normal  character.  The  pharynx,  opening  from 
the  mouth,  is  followed  by  the  oesophagus,  which  passes  as  a 
tube  of  varying  size  and  length  through  the  thoracic  cavity. 
A  crop  is  present  in  most  of  the  adult  beetles  and  also  in  certain 
of  the  larva).  Following  the  crop  is  the  proventriculus,  of 
which  the  inner  surface  is  provided  with  horny  ridges  or  spine- 
like teeth :  it  is  well  developed  in  all  carnivorous  and  wood- 


1. 

Fkj.  43. — Colcopleroufi  tarai.  (x  25.) 

1.  Carabld— simple.  tyiKi.   2.  CurciilUjuW— lUiyncliophorouH  type.   3.  Chrysomclid— 
l'hyt<>pliagf»u«  typo.   4.  Cocclnelld. 

feeding  beetles,  but  is  not  present  throughout  the  whole  order. 
The  mid-intestine,  or  chylific  stomach,  is  somewhat  variable, 
being  in  some  cases  very  elongate  and  coiled :  in  carnivorous 
species  it  bears  elongate,  pouch- hke  structures.  The  LamelU- 
comia  and  the  Phytophaga  have  a  more  simple  form  of  mid- 
intestine,  although  it  varies  in  length,  being  very  long  in 
Lamdlicornia,  and  short  and  small  in  the  Cerambycids.  At 
the  junction  of  the  stomach  and  the  intestine  proper  are  the 


COLEOPTEEA 


115 


Malpighian  tubules,  whicli  number  either  four  or  six.  The 
intestine,  or  small  intestine,  is  somewhat  variable,  being  long 
in  some  species  (Necrophagus  and  Dytiscus),  and  short  and 
slender  in  others  (Garabidce  and  Chrysomelidce).  The  colon, 
or  anterior  portion  of  the  rectum,  is  in  some  species  {Lyiiscus, 
Nccrophagus)  developed  into  a  curious,  bladder-hke  caecum. 
The  rectum,  which  is  sometimes  larger  than  the  colon,  is  pro- 
vided with  structures,  which,  for  want  of  a  better  term,  are 
known  as  rectal  glands.  The  anus  is  often  furnished  with 
glands  of  a  repugnatorial  nature,  which  secrete  an  offensive 
and  corrosive  fluid.  Many  species  of  Carabids  possess  this 
means  of  defence,  especially  the  genus  Brachinus,  containing 
the  Bombardier  Beetles,  which  are  able  to  emit  a  bluish  vapour 
together  with  an  explosion.  Species  of  other  families,  al^o,  have 
the  power  of  ejecting  fluids  in  some  form  or  other. 

Salivary  glands  are  usually  present,  varying  in  number  and 
character.  Silk  glands,  although  not  usually  present  in 
Coleoptera,  are  found  in  some  Chrysomelids  and  Curculionids, 
situated  near  the  oesophagus. 

The  nervous  system  consists  of  a  number  of  ganglia  or  nerve 
centres  united  with  each  other  by  one  or  two  nerve  cords.  The 
supra-oesophageal  and  the  sub- oesophageal  ganglia  of  the  head 
are  merged  into  one  main  ganglion.  The  ventral  ganglia  vary 
in  number  :  e.g.  the  Lucanidce,  which  have  six  or  seven  ganglia 
situated  in  the  abdomen,  and  the  Scarabceidoe,  in  which  all 
the  ventral  ganglia  are  concentrated  in  the  thorax. 

The  tracheal  system  is  weU  developed,  in  some  large  forms 
with  air-sacs.  Usually  there  are  spiracles  on  all  the  segments 
with  the  exception  of  the  head  and  last  segment  of  the  abdomen. 
In  many  aquatic  larvae  gills  are  present  in  the  form  of  lateral 
abdominal  processes. 

With  regard  to  the  reproductive  system,  the  female  organs 
consist  of  two  sets  of  ovaries,  each  containing  a  varying  number 
of  tubes  ;  an  oviduct  with  accessory  glands,  a  copulatory  pouch 
with  spermatheca  and  its  accessory  gland  and  the  vagina 
to  the  copulatory  pouch.  In  the  Adephaga  the  ovaries  are  of 
the  meroistic  type,  whereas  the  members  of  the  other  divisions 
have  ovaries  of  the  holoistic  type .  The  male  organs  consist  of  the 
testes,  vas  deferens,  ejaculatory  duct,  seminal  vesicle,  accessory 
glands  and  sedeagus  or  penis.    In  the  Adephaga  the  testes  are 
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simple,  coiled  tubes,  but  in  other  groups  they  consist  of  a 
number  of  little  sacs  opening  into  a  main  tube ;  testes  of  this 
form  are  sometimes  enclosed  in  a  sort  of  capsule.  In  soine 
families  there  are  more  than  one  pair  of  accessory  glands.  The 
vasa  deferentia  vary  greatly  in  length,  and  in  the  case  of 
Cetonia  are  extremely  long. 

Besides  the  compound  eyes  and  ocelH,  already  mentioned, 
there  are  other  sense  organs  present  in  the  insects  of  this  order. 
The  organs  of  smell  have  been  proved  to  be  situated  in  the 
antennae,  in  the  form  of  minute  pits  connected  with  nerves. 
The  antennae  are  also  claimed  to  be  the  seat  of  the  organs  of 
hearing.  Taste  organs  are  said  to  be  situated  on  th(5  epi- 
pharynx,  either  as  hair-like  setae  or  minute  pits.  The  antenna* 
are  tactile  organs,  and  sensitive,  tactile  setae  are  found  on 
various  parts  of  the  head  and  body.  Many  beetles  have  the 
power  of  stridulating,  and  organs  for  this  process  are  found  on 
various  parts  of  the  body  and  legs.  Gahan  (1900)  has  writt(5n 
an  excellent  paper  on  the  stridulating  organs. 

There  is  a  wide  range  of  colouring  in  the  Coleopiera.  Many 
beetles  are  very  beautiful,  with  brilliant  metallic  colours  ;  others 
are  vividly  marked  with  sharply  contrasting  colours,  giving  a 
warning  note  to  those  birds  and  insects  which  seek  to  prey  upon 
them,  for  many  are  possessed  of  extremely  unpleasant,  acrid 
flavours.  Some  species,  which  arc  in  themselves  harmless, 
successfully  mimic  the  colouring,  and  sometimes  the  actions, 
of  insects  which  do  have  some  defensive  pr()])erties.  Protective^ 
resemblance  is  in  this  order  carried  out  to  a  high  degree  of 
excellence,  there  being  numerous  instances  of  this  among  the; 
tree-living  beetles  like  the  Longicorns  and  some  of  the  Jihyn- 
chophora,  many  of  which  exactly  resemble  the  grey,  lichen- 
covered  branches  of  the  trees  on  which  they  rest.  The 
habit  of  folding  the  limbs  and  feigning  death  is  adoi)t<'d  by 
some  species  in  the  hope  of  escaping  the  attentions  of  the^ir 
enemies. 

Beetles  have  a  complete  metamorphosis.  The  eggs  are  of 
two  types :  soft,  oval  eggs  and  harder  eggs  of  varied  nliape. 
None  of  them  are  sculptured  like  those  of  the  Lepidoptera. 
The  soft  eggs  are  the  type  laid  in  concealment,  while  the  harder 
eggs  are  usually  laid  in  the  open.  The  larvae  are  of  two  typen  : 
the  Campodeiform  and  the  Eruciform  or  grub-like  larvse,  like 
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those  of  the  Hcarabu'ids  ;  iho  Canipodciforni  larva*,  arc  the 
active  typo,  Huch  as  those  of  the  (^arabids  and  the  8taj)hy- 
linids.  There  are  inodifications  of  tluw^  two  fornis.  Tlie 
pupa^  arc  usually  soft  and  hav(*  th(^  app(*ndag(^s  more  or  less 
fre(^  The  larval  hal)itK  ar<^  very  diverse*  and  where  known 
{ire-  nientioncd  under  their  resj)(»ctive  fanulies.  I'he  lengtli  of 
the  life-history  varies,  some  sp<»eies  having  sevc^ral  broods  a 
year,  while  others  take  three  or  four  years  to  attain  tlu^  adult 
stage. 

The  adults  range  in  siz(^  from  th<».  nurnite  to  sonu^  of  thc^ 
largest  insects  known.    Th(»ir  habits  arc^  very  varied  :  th<^ 


L  2.  3. 

Ki«.  44.—  I^irvft*. 

I.  Oryctes  rhinoceros  {nfU't  U'troy).  2.  earaliid  hrvA  (L.N.H.).       Trhtn«uU«  Inrvft  of 
iiitaris  muralis  (after  Jl»«y  arwl  i»acknr<l). 

majority  arc  terrestrial ;  l>ut  a  considcTabk^  number  are  aquatie. 
The  terrestrial  forms  are  found  in  sitiuitions  too  num<»rouH  to 
mention  except  under  their  particidar  famili(»s.  Many  an^ 
prcdaceous,  many  berl)ivorous  ;  while  others  live  on  dcKiaying 
animal  and  vcgetal)l(^  matter,  aciting  as  scavengers.  There  is 
no  real  social  life  and  l)ut  few  parasitic  forms. 

Both  larval  and  adult  beetles  an;  pn^yecl  upon  by  l>irds, 
monkeys,  and  other  small  mammals.  Insects  of  other  orders 
alHo  seek  them  as  food,  and  many  pn^datory  b(^(^tles  do  not 
hesitate  to  devour  their  own  kind. 

The  clasHification  of  the  Coleopt<Ta  since  the  tinu^  of  Lin- 
nams  has  undergone  many  changes,  some  of  which  were;  vcjry 
clearly  needed.    The  classification  used  in  the  following  work 
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is  the  one  adopted  by  Fowler,  and  is  a  combination  of  the 
systems  formed  by  Ganglbauer  and  Sharp.  The  hundred 
and  three  families  are  divided  into  three  sub-orders  : — 

1.  ADEPIIAGA, 

2.  POLYCERATA  (Polymorpha  or  Polyphaga),  which  is 
split  into  six  divisions  : — 

1.  Siaphylinoidea,  4.  Heteromera. 

2.  Clavicornia.  5.  Phytophaga. 

3.  Serricornia,  6.  Bhynchophora. 

3.  LAMELLTOORNIA. 

For  authorities  and  catalogues  the  student  should  consult 
the  numerous  monographs  in  Genera  Insectornm,  references 
to  which  are  given  under  the  various  families.  References  to 
the  families  listed  in  the  Berlin  Catalogue,  edited  by  Schenklin, 
1910,  arc  also  quoted.  Descriptions  of  the  British  species 
will  bo  found  in  Fowler,  British  Coleoptera  (i~v,  1887-1891) 
and  Supplement  (Fowler  and  Donnisthorpe,  vi,  1913)  : 
reference  is  made  to  this  work  in  each  family  below ;  other 
volumes  used  include  Indian  Insect  Life  (1909),  Sharp,  Cam- 
bridge  Natural  History,  vol.  ii  (1899)  and  Fowler,  Introduction 
to  Coleoptera  and  Fauna  of  British  India  (1912). 

Regarding  economic  importance,  the  beetles  undoubtedly 
rank  high  in  this  respect ;  their  vast  numbers,  their  wide  distri- 
bution, and  the  diversity  of  their  habits  and  situations  cause 
them  to  be  a  serious  menace  to  mankind  in  his  work  of  making 
the  earth  fruitful. 


Sub-Order  I.  ADEPHAGA 

Tarsi  five -jointed.   Antennae  filiform. 

Ten  families  arc  included  in  this  sub-order,  all  with  the 
characters  quoted  above.  These  families  contain  active, 
predatory  insects,  and  there  are  but  few  of  economic  import- 
ance. 
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CiCINDELlDiE. 

Tiger  Beetles. 

Clypeus  extending  laterally  beyond  base  of  antennae ; 
maxillse  terminating  in  an  articulated  hook. 

This  family  is  woll  represented  in  both  temperate  and 
tropical  regions. 

The  members  of  this  family  arc  usually  recognizable  })y  their 
general  form,  which  (listinguishefl  them  from  the  Carahidm, 
their  near  allies.  They  are,  on  an  average,  al)out  an  inch 
long,  and  are  as  a  rule  ])rightly  coloured  ;  black,  green,  or  brown , 
with  dots  or  splashes  of  white,  being  typical  of  them. 

The  head,  which  is  well  defined,  bears  mouth-parts  of  tlio 
predaceous  type,  consisting  of  long,  curved  mandibles,  well 
adapted  for  seizing  and  holding  their  prey,  and  we-ll-dcvc^lopcd 
labium  and  maxillae.  The  antennae  arc  simi)lo  and  of  mediimi 
length,  and  the  eyes  arc  prominent.  The  legs  arc  long,  finely 
spincd,  and  adapted  for  running.  The  sexes  are  recognizable^ 
by  the  fact  that  the  female  has  seven  visible  ventral  abdominal 
segments,  while  the  male  has  only  six. 

The  period  covered  by  the  life-history  varies  according  to 
species,  some  taking  two  and  others  three  years  :  that  of 
Cicindela  campestris,  a  well-known  British  species,  is  three 
years.  A  few  forms  are  known  in  which  the  larvse  spend  their 
existence  in  the  stems  of  trees  and  bushes ;  but  the  great 
majority  prefer  damp  soil,  particularly  sand  with  a  small 
percentage  of  clay.  About  fifty  eggs  are  laid  separately  in 
little  pits  formed  by  the  ovipositor  of  the  female.  The  oggs 
are,  in  shape,  an  elongated  oval,  and  of  a  clear  cream  colour. 
The  period  of  incubation  is  from  ten  to  fourteen  days.  There 
are  three  larval  stages,  covering  a  period  varying  from  ten  to 
twenty-one  months.  Hibernation  as  larva3  or  adults  is  the 
general  rule.  The  larva>  enlarge  the  pits  as  they  grow  and 
spend  their  whole  time  in  them,  waiting  for  unwary  insects  to 
pass  within  reach.  They  support  themselves  in  their  burro wh 
by  means  of  their  legs  and  a  projection  on  the  dorsal  surface 
of  the  fifth  abdominal  segment.  Pupation  takes  place  in  the 
soil,  in  a  little  chamber  hollowed  out  from  the  side  of  the 
burrow. 
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An  account  of  the  "  Life-Histories  and  Larval  Habits  of  the 
Tiger  Beetles  "  has  been  written  by  Shelf ord,  1908.  Griddle 
(1910)  has  done  some  work  on  this  family. 

The  British  species,  which  number  four,  belong  to  the  genus 
Cicindela  (Fowler). 

There  is  only  one  instance  of  the  Cicindelidce  being  of  any 
economic  importance,  and  that  is  in  the  East  Indies,  where  the 
larvae  of  some  of  the  species  of  the  genus  Collyris  burrow  in 
the  stems  of  coffee  plants.  A  species  of  Tricondylea  is  also 
injurious  to  coffee.  The  remainder  are  carnivorous  in  both 
stages  and  possibly  beneficial. 

Carabid^. 
Carnivorous  ground  beetles. 

The  clypeus  not  extending  laterally  beyond  base  of  antennae. 
Maxillae  not  hooked. 

This  is  a  very  large  family,  having  a  wide  range  in  both 
temperate  and  tropical  regions. 

They  are  from  small  to  moderate  size  and  are  usually  of 
sombre  appearance,  although  there  are  a  few  species  having  a 
more  vivid  coloration. 

The  head  is,  as  a  rule,  narrower  than  the  thorax  :  the  filiform 
antennae  are  of  moderate  length.  The  mouth-parts  are  con- 
spicuous and  strongly  predaceo us.  The  eyes  are  large  and  in 
some  cases  prominent.  Wings  are  absent  in  some  species,  the 
elytra  then  being  soldered  together.  The  legs  are  well-developd 
and  fairly  long,  except  in  a  few  instances  when  they  are  used  for 
digging,  they  then  being  shorter  and  more  stoutly  built.  The 
males  have  the  basal  tarsal  joints  of  the  fore-legs  expanded. 

Up  to  the  present  little  has  been  found  out  as  to  the  complete 
life-history.  In  the  case  of  Anthia  sexguttaia,  however,  the 
eggs  are  known  to  be  about  a  quarter  of  an  inch  in  length,  oval, 
white,  and  soft.  The  larvse  are  slender,  with  large  heads  and 
long  mandibles.  There  are  three  pairs  of  moderately  long 
thoracic  legs.  The  body  gradually  tapers  and  terminates  in  a 
pair  of  cerci  and  an  anal  tube.  They  are  of  a  dull  colour  and 
are  very  seldom  seen,  living,  as  they  do,  in  concealment  most 
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of  the  day.  Pupation  takes  place  in  the  soil.  The  life  of  the 
adult  is  considered  to  be  long,  the  beetles  hibernating  in  the 
earth,  under  stones  or  other  places  which  afford  shelter.  Some 
species  are  diurnal  and  others  nocturnal  in  their  habits.  The 
majority  of  them  possess  glands  opening  just  above  the  anus, 
which  emit  an  evil-smelling  liquid  when  the  beetle  is  alarmed  by 
the  approach  of  an  enemy :  in  a  few  species  the  liquid,  when 
liberated,  goes  off  with  a  small  report,  thus  being  an  admirable 
means  of  defence.  With  very  few  exceptions  the  Carabidae 
are  carnivorous  in  both  larval  and  adult  stages,  living  on  cater- 
pillars and  many  other  forms  of  insect  life.  It  is  difficult  to 
say  where  these  beetles  are  not  to  be  found,  hill  and  plain, 
forest  and  pasture,  all  having  their  quota  of  them. 

The  various  sub-families  of  the  Carabidce  have  been  mono- 
graphed in  the  Genera  Insectomm,  by  E.  Rousseau  in  fascicules 
38  (1905),  40  (1906),  83,  84,85,86(1908)  and  by  Dupuis,  fasci- 
cules 116,  117,  123  (1911),  126, 134  (1912),  145,  146,  147  (1913). 

Horn  has  done  much  towards  the  classification  of  this 
family  (1881),  and  Gen.  Ins.  Fasc.  82  (1908,  1910,  1915). 

The  British  representatives  number  over  300  species  (Fowler). 

The  family  as  a  whole  can  be  said  to  be  beneficial,  their 
carnivorous  habits  helping  to  keep  in  check  the  superfluous 
insect  life.  There  are,  however,  a  few  cases  in  which  they 
are  injurious,  young  wheat  sometimes  being  attacked  and 
also  strawberries. 

Species  of  Zabrus  and  Clivina  are  injurious  to  wheat ;  Har- 
palus  and  Pterostichus  attack  strawberries. 


AMPHIZOIDiE. 

Antennae  inserted  just  in  front  of  the  eyes.  Pronotum 
short  and  narrow ;  elytra  ovate.  Legs  not  formed  for 
swimming. 

A  very  small  aquatic  family  of  one  genus,  comprising  only 
three  species,  two  of  which  are  found  in  Western  North  America 
and  one  in  Eastern  Tibet. 

They  are  little  over  half  an  inch  in  length  and  are  dingy  in 
appearance. 

Their  mouth-parts  resemble  those  of  certain  of  the  Carabids. 
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The  legs  are  feeble,  and  not,  as  might  be  expected,  adapted  for 
swimming. 

The  larvae  are  also  similar  to  those  of  the  genus  Carabus,  the 
abdomen  terminating  in  a  pair  of  cerci,  but  not  having  an  anal 
tube.  The  adults  as  well  as  the  larvae  spend  their  lives  in  cold, 
rapid  streams,  clinging  to  stones,  etc.,  they  being  very  poor 
swimmers .    Both  larvae  and  adults  are  presumably  carnivorous . 

Sharp  (1882)  has  written  on  this  family. 

Pelobiid^  [Hygrobiidce). 

Head  not  sunk  into  pro  thorax.  Antennae  bare.  Anterior 
coxae  conical,  tibiae  and  tarsi  provided  with  swimming 
hairs . 

This  is  a  very  small  family  of  one  genus,  two  members  of 
which  are  found  in  Australia,  one  in  Chinese  Tibet,  and  one 
in  Britain. 

In  general  form  they  resemble  the  AmpMzoidce,  but  are  more 
convex  and  have  the  head  more  prominent. 

The  mouth-parts  are  of  the  pred.aceous  type ;  the  head  is 
free,  with  prominent  eyes.  The  moderately  long  legs  are 
fringed  with  hairs  which  assist  in  swimming,  while  in  the  male 
the  anterior  and  intermediate  tibiae  are  dilated. 

The  larvae  are  of  rather  curious  form,  having  a  large  head 
bearing  predaceous  mouth-parts,  and  a  sharply  tapering  body, 
the  eighth  abdominal  segment  ending  in  three  long  processes. 
The  adult  insect,  which  is  found,  like  the  larva,  in  ponds  and 
ditches,  has  the  power  of  stridulating ;  the  sound,  according  to 
Darwin,  being  produced  by  the  tip  of  the  abdomen  rubbing  on 
a  file-like  structure  on  the  under-side  of  the  elytra. 

The  species  are  listed  by  Zimmermann  in  the  Berlin  Catalogue. 
The  one  British  species  is  Pelobius  tardus  (Fowler),  usually  sold 
in  Covent  Garden  and  elsewhere  under  the  name Squeaker." 

HALIPLIDiEJ. 

Antennae  ten- jointed,  inserted  near  eyes.  Hind  coxae 
extend  into  two  broad  plates  covering  first  three  sternites. 

This  is  a  small  fanodly  comprising  about  100  species,  the 
majority  of  which  are  found  in  temperate  regions. 
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They  are  all  of  small  size,  never  exceeding  5  mm.  in  length, 
of  an  oval  shape  and  usually  of  a  dark  colour. 

Their  mandibles  are  grooved,  enabling  them  to  suck  their 
prey.  The  plate-like  form  of  the  hind  coxae  make  a  good 
character  for  recognizing  the  members  of  this  family.  The 
males  have  the  three  basal  tarsal  joints  of  the  anterior  legs 
slightly  dilated. 

The  larvae  are  of  peculiar  form,  having  many  fleshy  append- 
ages attached  to  various  parts  of  their  body.  In  habit  they 
are  somewhat  sluggish  and  cling  to  weeds,  etc.,  in  streams 
and  ponds.  The  adult  insect  is  also  found  in  ponds  and 
running  water,  and  by  the  type  of  its  mandibles  is  presumably 
carnivorous. 

The  species  are  listed  by  Zimmermann  in  the  Berlin 
Catalogue. 

There  are  thirteen  British  species  (Fowler). 

Dytiscid^. 

Posterior  coxae  enlarged,  contiguous  at  inner  margins. 
Hind -legs  formed  for  swimming.  Males  with  the  three  basal 
joints  of  fore  tarsi  dilated. 

About  2,000  species  are  contained  in  this  family.  They 
have  a  wide  distribution,  but  are  more  abundant  in  temperate 
than  in  tropical  regions.  Their  colouring 
is  usually  some  unobtrusive  shade  of 
brown  or  blackish  bronze ;  but  there  are 
a  few  tropical  species  more  brightly 
coloured.  They  vary  in  size  from  quite 
small  insects  to  fine,  broad  species  over 
an  inch  in  length.  All  are  compactly 
built  and  oval  in  shape. 

The  head  is  broad,  and  closely  fits  the 
thorax.  The  mouth-parts  are  of  the  car- 
nivorous biting  type.  The  eyes  are  large, 

the  antennae  filiform  and  of  moderate   

length.   The  elytra,  which  closely  join  the    r^rginlus  (r^lt'sizT). 
thorax,  cover  the  abdomen  completely. 
Functional  wings  are  present  in  all  species.    The  anterior 
pair  of  legs  are  of  moderate  length,  and  in  the  males  have  the 
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three  basal  joints  of  the  tarsi  dilated  to  form  a  sucker-like 
pad.  The  j)ostorior  logs  are  long  and  adai)ied  for  swirmniug, 
witli  the  tarsi  somewhat  fhittc^ned  and  ciliated  at  the  (»dges. 
The  elytra  of  the  females  of  some  species  have  a  series  of  ik  vp 
grooves  down  two-thirds  of  their  huigtli.  An  unpleasant  fluid 
is  enuttedfrom  the  anus  and  the  articulation  of  the  h(*ad  wlu^n 
these  beetles  arc  seized. 

Eggs  are  laid  in  the  water  on  tlu^  leaves  of  aquati(t  plants. 
The  resulting  larvse  arc  elongate;,  with  a  Iarg(\  flat  head  and  a 
narrow,  tapering  body,  terminated  hy  two  hairy  processes. 
There  are  three  pairs  of  long,  swimming  h^gs.  The  air  supply 
is  obtained  by  means  of  two  spiracles  at  the;  ap(*x  of  th(^ 
abdomen.  The  mandil)Ies  an^  long,  (curved  and  hollow,  a 
device  whi(;h  cnal)lcs  these  larva*  to  grasp  and  suck  th(^  juices 
of  their  victims.  The  larvae  Iviive  the  water  to  pupate,  making 
a  cocoon  in  the  mud  at  the  water's  edg<*.  Both  larvjc  and 
adults  are  carnivorous,  the  larva*  fiercely  so.  The  adidts 
often  take  to  flight  on  hot  days.  Tlu^y  are  found  in  both 
stagnant  and  running  water,  but  more  usually  th(*  former. 

There  is  an  excellent  monograph  ))y  Sharj)  (IKHO  2)  on 
this  family.  Miall,  in  his  Aquatic  hm>cls,  gives  an  accotmt 
of  Dytificw  7mr<jiruilis,  a  big  British  sf)<»cics. 

ZimuK^rmann  lists  the^  species  in  the  B(Tlin  (*atalogu(*. 

Tlicro  arc  lOG  British  Hi)ecieK. 

Gyhlnid/K. 

Whirligig  beetles. 

Antennae  short  and  thick  ;  eyes  divided.  Hind  coxae  fixed 
and  posterior  legs  formed  into  paddles. 

These  beetles  arc  widely  distributcul  throughout  the  world. 

A  family  of  small  bcetk^H,  easily  r(*cognizal)l(?  fnun  their 
habit  of  swimming  about  in  intricate^  curves  and  circles  on 
the  surfc'ico  of  fresh  water.  They  arc  usually  nhiny  and  black 
in  colour. 

The  head,  which  is  large,  b(^ars  very  nhort,  inconspicuous 
antennae.  The  eyes  aro  divided,  so  that  when  the  b(*etlf^  is 
swimming  on  the  water  one  portion  of  the  eye  is  abovc^  while 
the  other  is  under  the  surface.    The  middle  and  hin<l  legs  are 
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short  and  paddle-like  in  form,  enabling  the  beetle  to  perform 
its  gyrations.  The  males  have  the  anterior  tarsi  dilated.  The 
females  are  often  slightly  larger  and  less  shiny. 

Eggs  are  laid  on  aquatic  plants.  The  larvae  are  aquatic, 
and  are  furnished  with  lateral  gill  processes  on  each  of  their 
abdominal  segments.  Pupation  takes  place  in  flimsy  cocoons, 
which  are  usually  attached  to  aquatic  plants,  clear  of  the  water. 
The  adult  spends  most  of  its  time  on  the  surface  of  either  still 
or  running  water,  only  diving  below  the  surface  on  the  approach 
of  danger.  They  are  attracted  by  light,  when  they  will  leave 
the  water  by  flight.  Both  larvae  and  adults  are  considered  to 
be  carnivorous. 

The  family  has  been  monographed  by  Regimbart  in  Genera 
Insectorum,  Fasc.  1  (1902),  and  also  by  Sharp.  There  are 
eleven  British  species  (Fowler). 

PATJSSIDiE. 

Antennae  of  abnormal  and  varied  forms.  Elytra  truncate, 
pygidium  usually  exposed. 

A  moderately  large  family  of  about  300  species,  well  repre- 
sented in  both  tropical  and  sub-tropical  countries.  One  species 
is  found  in  the  south  of  France. 

Small  beetles,  rarely  exceeding  half  an  inch  in  length,  usually 
black  in  colour,  with  deep-blood-red  markings.  They  are 
easily  recognizable  by  the  extraordinary  forms  of  the  antennae. 

The  mouth-parts  are  rather  small,  with  short,  curved 
mandibles.  The  antennae  are  extremely  variable,  both  as  to 
form  and  the  number  of  joints,  anything  from  two  to  eleven, 
some  of  which  are  often  expanded  into  a  leaf-  or  blade-like  form. 
The  wings  are  well  developed.  The  legs  are  stoutly  built  and 
sometimes  have  the  femora  and  tibiae  much  expanded. 

The  larvae,  which  are  carnivorous,  and  found  in  ants'  nests, 
much  resemble  those  of  certain  Garahids.  The  adults  in  nearly 
all  cases  are  also  myrmecophilous,  chiefly  inhabiting  the  nests 
of  terrestrial  ants,  although  some  have  been  found  in  the  nests 
of  tree-infesting  ants.  It  has  been  suggested  that  these  beetles 
secrete  some  substance  which  is  attractive  to  the  ants.  They 
also  have  the  power  of  discharging,  with  a  slight  explosion,  a 
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caustic,  (liiid.  They  arc  much  ^ivi»n  (u  living  ul  ui^Iit  uud  an^ 
attracicd  hy  li^Ui. 

''.rhc  family  has  i)ccn  m()n(><^rapii<*<l  hy  I)c.siu*ux  in  (iinvra 
fnsvrforufn,  Kasc.  Hr>  (1005).  Itallray,  1SS7,  and  (Ic.stro.  liK)i, 
hav(*  also  written  on  the  fanuly.  (Jcstro  hsts  the  NjM'cics  in 
th(*  licrlin  ('atah>guc. 

III!  vsnniD.K. 

Head  with  a  «Iender  neck.  Antennie  eleven -jointed.  Hind 
coxixi  widely  separated.  Tibial  spurn  oblong,  double  on 
anterior,  single  on  middle  and  hind  lefts. 

TluK  family  is  comprised  of  only  a  f(*u  .species,  hut  is  wifh'Iy 
<listrihuted,  hewing  found  in  f)oth  temperate  and  tn»pieal 
regions. 

In  gencTal  apiK*arane(»  they  hiomevvhat  resemble  some  species 
of  (^urahids  and  an*  elongate.  In  colour  they  an*  eillier  hiack 
or  hn)wn. 

Tlw  head,  which  is  joined  to  the  thorax  by  a  distinct  n<*ck, 
h<»firs  mouth  parts  which  are  entirety  eovercil  by  a  large 
mcntum.  There  are  six  visihh*  vf^ntral  segments.  The  I<*gs 
urc!  slu^rl,  tlu*  anl(»rior  tihi;e  liave  a  pair  of  curved  spines  at  the* 
nju*x,  wlule  the  iniddh*  an<i  posterior  tihia*  liave  only  one  apical 
spine*.  Little  is  known  of  the  life  history.  They  are  found 
under  the  hark  of  trees. 

The  Hp<H'tes  are  descrif>ed  hy  (Jestro  in  tia*  Berlin  CfiittlfHjus 
(Uilvapivronuti, 

Then*  are  no  liritish  sjM'cies. 

('rci;nin;i;. 

Elonftate.  Abdomen  with  five  viwihle  sternitefj.  Pronotum 
separated  by  nulures  from  i>k»ura*  of  thorax.  Metanterntim 
with  cross-suture  before  hind  margin.  Elytra  with  lattice- 
like sculpture,  body  covered  with  grey  scales. 

A  Huuill  family,  the*  few  sjHTies  of  which  are  fotmd  in  thi*  two 
Americas,  tin*  Ilulippim*  Islands,  fine  in  Japnit,  Hurnui,  and 
Kastern  Siberia,  and  one  in  Australia. 

They  an*  i'longate  insects,  hearing  s(»me  rcHcrnhhuice  to  thf* 
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Telephoridce  in  general  appearance.  They  are  dull  greyish 
brown  in  colour. 

The  head  is  small,  with  prominent  eyes  and  long,  stout, 
tapering  antennae.  The  elytra  cover  the  abdomen  and  have  a 
lattice-like  appearance  due  to  rows  of  large,  square  punctures. 
The  legs  are  short  and  slender. 

Little  is  known  of  their  life-history.  Some  species  frequent 
old,  timber-built  houses,  but  whether  as  wood-feeders  or  as 
parasites  of  other  wood-borers  is  not  deiSnitely  known. 

The  family  has  been  worked  on  by  Kolbe  {ZeitscJi.  Wiss. 
InsecterbbioL,  1908)  and  Lameere  {Ann.  Soc.  JEnt,  Beige,  1900). 

Gestro  lists  the  species  in  the  Berlin  Catalogue. 

Sub-Order  II.    POLYCERATA  (Polymorpha,  Sharp) 

Antennae  usually  clubbed  or  serrate.  Number  of  tarsal 
joints  varied. 

This  sub-order  contains  eighty-nine  famihes,  many  of  them 
of  great  importance. 

(a)  STAPHYLINOIDEA 
Venation  without  cross -veins  or  loop.   Antennae  simple. 

STAPHYLINIDiE. 

Rove  beetles. 

Antennae  variable.  Tarsi  three-  to  five -jointed.  Elytra 
truncate,  only  covering  base  of  abdomen,  which  is  flexible, 
with  ten  tergites  and  at  least  seven  visible  sternites. 

A  very  large  family,  of  universal  range. 

Its  members  are  slender  and  elongate  in  shape  and  vary 
much  in  size,  from  the  minute  to  about  an  inch  in  length. 
They  are  usually  sombre  in  appearance,  being  black  or  a  dull 
brown ;  but  there  are  a  few  species  which  show  a  brighter 
coloration. 

The  mouth-parts  are  conspicuous,  with  stout  biting  man- 
dibles. The  antennae  may  be  ten-  or  eleven- jointed,  filiform  or 
clubbed.  The  eyes  are  not  as  a  rule  conspicuous,  and  in  a  few 
cases  may  be  absent,  but  there  are  a  number  of  species  in 
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which  they  arc  very  prominent,  (^s{)ecially  in  th(^  g(*nnH  Stvnvs, 
The  legs  arc  of  the  active,  running  type.  In  some  eases  th<» 
abdomen  terminates  in  two  nliort  Htyh*>^Iik(*  pnxtesses.  Th<* 
integument  of  these  l)eetl(^s  in  weaker  and  Hoft(*r  than  is  usually 
the  rule  in  this  onh^r  of  insects.  Th(^^  wingn  an-  large,  and  wh(*n 
not  in  use  are  folded  away  under  th<^  short  elytra. 

The  hirva^  are  in  form  not  unlike  th(^  adults,  with  the* 
addition  of  a  pair  of  anal  cerci  and  an  anal  tuh<\    Th(»y  have 
many  of  the  cliaracteristies  of  the  Caralnd  and  I)ytisei<l  larvu\ 
being  very  active  and  rapacious.    Some  are  j>redae(»ouK  on 
other  insects,  H(mie  fc^ed  on  decaying  animal  and  vegetable 
matter,  while  a  f(»w  live  on  pollen  and  sap  of  plants.  The 
pupa*  in  som<»  cas(»s  an*  eov<*re<l  with  a 
sort  of  gunnny  secretion  which  fixes  the 
parts  tog<^ther,  Ujuh  making  a  form  of 
obt(^(it  pupa.    The  adtilts  are  found  in 
many  situations,  bnt  particndarly  where* 
there  in  an  aecimiulaiion  of  rubbish,  or 
in  d(*ad  birds  and  animalH.    Thc*ir  food 
habits  are  nmeh  the  same  as  Hum*'  of 
the  Iarva\    They  usually  fvvd  at  night, 
spending  the  daytime  in  phu'(»H  of  eon- 
{Htupkylinidcs)  (nat.    0(^alment.    Some*  H}H»eieH  are  foun(l  m  the 
lu^sts  of  ants,  whc*n*  it  is  HUf>poHed  tliey 
Hee.ret^*  a  lluifl  attraetive  to  the  ants,  and 
I>erhaps  act  as  scravengern.     Tin*  assunjing  of  a  na^naeing 
attitude  is  practised  by  a  few  m(»ml)erH  of  this  family,  esji^'ci- 
ally  hy  the  weli-ktiown 'VDevils'  ( 'oneh- horse  *'  ((kijpm  alniM), 
of  this  country,  who,  on  tlu*  approach  of  <ianger,  ntands  witli 
wid(^ly  opcaied  jaws  and  th<^  long,  flexible*  abdoiia^n  curving 
upwards.    A  number  of  H|H'ei(»s  give  out  an  unpleasant  odotir 
wh(^n  disturbed. 

liernhauser  and  Schub(*rt  havc^  list(*d  thi»  H|H*eieH  in  the 
Berlin  Oatak>gue. 

Two  sul)"famili<^s  have  been  monographed  by  KenyiiK  in 
Genera  histctornm,  Fasc.  I7:iA  (HHH). 
There  are  over  800  British  Ki>eei(»H  (Fowler). 
None  arc  known  to  be  directly  injurious,  and  the  family  an 
a  whok^  can  bo  considered  generally  lH*nc*ficiaI,  cming  to  tht*ir 
predaceouH  habits  and  work  m  ncavengcTs. 
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PSELAPHID^. 

Small.  Maxillary  palpi  large.  Tarsi  three -jointed. 
Elytra  truncate.  Five  ventral  abdominal  segments. 
Myrmecophilous . 

A  fairly  large  family,  well  distributed  about  the  world. 
They  are  very  small  beetles  of   dull  colouring,  usually 
brown. 

The  antennse  are  of  curious  form,  much  subject  to  variation, 
and  in  some  species  the  number  of  joints  are  reduced  to  even 
one.  The  tarsal  joints  are  also  reduced  in  number  in  some 
species. 

Little  is  known  of  the  life-history  ;  but  in  one  case  in  which 
the  larva  is  known,  it  is  said  to  resemble  somewhat  those  of 
the  Staphylinidce, 

The  great  majority  of  the  species  live  in  the  nests  of  ants, 
where  it  is  believed  they  secrete,  from  little  pubescent  patches 
distributed  on  various  parts  of  their  bodies,  a  pecuHar  substance 
that  is  attractive  to  the  ants.  Other  species  are  found  in  moss, 
dead  leaves  or  matter  of  a  similar  nature,  where  they  feed  on 
mites,  etc. 

The  family  has  been  monographed  by  A.  Raffray  in  Genera 
Insectorum,  Ease.  64  (1908),  and  Ann.  Soc.  EnL  France, 
1903-4. 

There  are  about  thirty-four  British  species  (Fowler).  They 
are  not  of  any  economic  importance. 


Gn"0STIDJE. 

Very  small.  Antennae  three-jointed.  Tarsi  five-jointed. 
Elytra  cover  the  abdomen  ;  three  apparent  sternites. 

Only  two  species  are  contained  in  this  family,  and  up  to 
the  present  they  have  only  been  found  in  Brazil.  Beyond  the 
fact  of  their  inhabiting  the  nests  of  the  Cremastogaster  ants, 
little  is  known  about  them.  Westwood,  Trans.  Entom.  Soc. 
London  (N.S.),  III,  1855. 
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Very  small.  Antennse  expanding  apically.  Tarsi  five- 
jointed.  Anterior  coxae  contiguous,  posterior  coxie  separate, 
femora  usually  thickened.  Six  visible  ventral  segments. 
Eyes  coarsely  granulated. 

A  family  of  about  1,200  Hpoci<»s,  wi(l<Oy  disirihuted  througli- 
out  the  world.  Th(\y  ar(^  very  small  hcelk^s  of  a  dull  l)rown 
colour,  and  Homcwhat  hairy. 

The  mouth-partH  arc  of  iho.  pn^daec^oun  typ<%  the  maiuiihlcH 
in  some  Bpccics  ])cing  long  and  Hi(^kl(^-Hha|K*d.  Tin*  olytra, 
which  in  the  great  majority  cover  the  entire  al)domf*n»  in  houw 
caHCB  leave  the  ])ygidiuni  exj)osed. 

Little  in  known  of  the  life-history.  Tlie  ndultn  nrv  found 
in  moaa,  dead  IcavcK,  and  niaitcr  of  a  similar  natun%  wIhtc  it 
is  presumed  they  arc  prt^daccous  on  suc^h  forms  of  lift*  as  the 
Acari.  Csiki  listH  the  Hpecien  in  the  l^(Tlin  (*atalogu<*.  'Inhere 
are  ahout  twenty-four  Jiritish  sji(*cies  (Fowler). 

Burying  boc^tlcH. 

Size  variable,  IJ  30  mm.  long.  Antennae  usually  dubbed. 
Tarsi  four-  to  five-jointed,  anterior  coxae  conical  and  con- 
tiguous. Eyes  finely  granulated.  Apex  of  abdomen  often 
exposed,  five  to  six  sternites,  free. 

Found  in  both  tropic^al  and  t(*nij)erute  regionn,  hut  the  greater 
number  in  the  latter  7Anu\  Kur<»]K%  North  Anicriea.  Ni*w 
Zealand,  South  Australia,  and  Tasmania. 

A  family  of  great  variability  both  in  point  of  nm*  and  form. 

The  majority  arc  Bnuill,  not  excee<ling  half  an  in<*h  in  lengtli ; 
but  there  arc  quite  a  nunduT  of  an  inch  and  over.  They  are 
usually  of  sombre  a])jK^arancc,  but  gaudy  (»oliiuring,  partic*u» 
larly  orange  and  black,  predon)inati*H  in  some  npecii's. 

The  mouth-parts  an^  conspicnifuis,  with  Ktrong  mandsbles. 
The  head  is  capabk^  of  being  bent  clown  and  hi(Id<»n  by  thi* 
big  thoracic  plate.  Tlie  h^gs  an*  modc»rat<*ly  long  ami  ntoutly 
built,  especially  in  the  gemis  NiTmphmtf*. 
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Little  is  known  of  the  larvse  of  the  smaller  species,  but  those 
of  the  larger  are  flat  and  somewhat  tapering.  The  larvae  of 
the  genus  Necroj[ihoTUs  bear  spiny  plates  on  the  back  of  the  body. 
A  pair  of  cerci  are  usually  present  on  the  ninth  abdominal 
segment.  Some,  especially  those  of  the  genus  SilpTia,  are  very 
active,  and  possibly  predaceous,  snails  in  particular  being 
attacked.  The  larval  food  generally  is  decomposing  animal 
or  vegetable  matter.  The  adults  of  the  genus  Necrophorus 
are  well  known  as  "  Burying  beetles,"  owing  to  their  habit  of 
excavating  beneath  the  dead  bodies  of  small  mammals  or 
birds,  which  gradually  sink  into  the  ground,  where  they  are 
devoured  by  their  buriers.  Occasionally  Silphids  may  be 
found  in  the  nests  of  birds,  but  as  a  generality  the  ground  is 
their  habitat.  The  family  has  been  classified  by  Dr.  Horn, 
Trans,  Amer.  Entom,  Soc,  VIII,  1880.  The  British  species 
number  about  104  (Fowler). 

A  few  species  are  more  or  less  of  economic  importance, 
damage  being  done  by  the  larvie  and  adults  to  the  leafage  of 
certain  crops,  such  as  beet,  cereals,  spinach,  and  potatoes. 
The  genera  concerned  are  Silphxi  and  Baihysia. 


Clambid^. 

Minute,  convex,  hemispherical.  Antennae  eight-  to  ten- 
jointed,  with  two-jointed  club.  Tarsi  four -jointed.  Head 
very  large  ;  maxillae  with  two  long  lobes.  Wings  partly 
ciliate.   Five  to  seven  free  sternites. 

A  family  of  near  relationship  to  the  Silphidce.  The  majority 
of  its  species  are  found  in  Europe  and  North  America ;  Ceylon 
and  the  Canary  Islands  have  one  representative  each.  They 
are  very  small,  round,  and  convex,  and  are  generally  dull  in 
colour. 

The  head  is  large  and  bears  clubbed  antennae  and  maxillse 
which  have  two  long  lobes.  The  wings  are  more  or  less  ciliate. 
The  number  of  visible  sternites  varies  from  five  to  seven.  The 
larvae  are  elongate,  narrowing  towards  each  extremity.  These 
beetles  live  under  bark  or  in  decaying  vegetable  matter. 
There  are  four  British  species  (Fowler). 
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Small.  Antennae  long  and  filiform.  Eyes  wanting  or 
rudimentary.  Tarsi  five-jointed.  Elytra  covering  abdomen. 

A  small  family  of  only  two  gcnora,  nunihrrin^^  three  or  four 
Kpecies  altogether,  and  found  in  Europe  and  Nortlt  America. 
They  arc  small  and  dull  of  colour. 

Those  beetles  resemJ)Ie  in  a  general  way  some*  (»f  the  smaller 
8ilphids  ;  Imt  their  filiform  autrinue  are  nnu'h  longer,  aixl 
they  have  a  very  short  m<*tasternum.  Th(»y  are  usually  hlind, 
or  the  oyos,  if  present,  an*  e.xtremely  ruriinn^ntary.  Thi*  larv;e 
arc  unknown. 

The  European  species  is  found  in  dead  leaves,  rotting  wood, 
l)ir(ls'  nests,  and  are  also  said  to  live  parasitieally  on  tin*  laxiies 
of  small  mammals.  Thc^  North  AnH*riean  spi-eies  have  hei*n 
found  on  the  l)odies  of  heavers.  There  is  on<»  British  Hpeeies, 
Lc.plinuH  toMacens  (Fowh'r). 

TuK'iroPTKUVfJIO.K. 

Minute.  Antennae  with  a  three-jointed  <iuh.  Elytra 
abbreviated  or  complete.  Wings  fringed  with  hair.  Tarni 
three -jointed. 

A  family  of  wide*  distrihution,  }>ut  most  nunjeroun  in  the 
tro])ics.  S(mu^  of  th(^  smallest  known  beetles  are  eontaineil  in 
this  family;  the?  smalh^st  mendxTs  arc*  |  nun.,  an<l  the  hirgest 
rarely  exe(^(^d  1  mm.  They  are  obscurely  coloured.  The 
antenme  are  clubbed  and  the  maxilhe  are  tri  Inbed.  The 
elytra,  according  to  sjx'cies,  may  or  may  not  cover  t  he  abdom<*n. 
Th(t  wings  an^.  remarkable  in  \)vm^  very  narrow  and  fririg<*d  on 
both  edges  with  long  fin<^  hairs. 

The  larvae  arc  elongato,  with  large  heads  and  even,  antl  have 
the  a])ex  of  the  abdomen  ftn^nished  witfi  a  pair  of  appentlages. 
The  adults  are  found  in  rubbish,  am<mg  leaves,  under  bark  ur 
in  rotten  wood. 

The  family  has  been  numographed  by  Dr.  Matilu»ws,  London. 
1K92  and  1900,  and  listed  by  Csiki  in  the  lierlin  ("atalogue. 
There  an^  eighty-five  British  sjH^cies  (FowhT). 


HVDKOSrAPHID.K. 

Minute.  Aquatic.  Antennic  eiftht -jointed.  Tarsi  (hrw- 
jointed.  Abdomen  long  and  narrow.  Win^ls  deeply  frinfted 
with  hairs. 

A  family  c()m])rising  only  four  or  five  spccu^n,  f(»uii(l  in  N<»rth 
America  and  KoutluTii  Kurojx*. 

In  size  not  cxccedin^^  two  milliin<'tn's.  Ohm'un'  in  colour. 
Their  general  clianu^teTS  reseinl)I(»  those  of  \\n*Tr!rlnrp{(n/ijl<lff\ 

They  an^  found  in  running  water. 

Monographed  ]>y  Dr.  Matthews,  London.  fH7r». 

Simi.kkhdj:. 

Minute,  hemispherical.  Head  and  eyefi  larfte.  antennsi* 
short,  eleven -jointed,  clubbed.  Winft»  lurjje,  deeply  cilialed. 
Tarsi  three- jointed.   Three  visible  ventral  m»6"U»nff4. 

A  family  of  on<*  g<*nus  of  vc*ry  f(»w  species,  Umtul  in  Kuropi« 
and  (California. 

Th(\y  are  very  small  ins(»(rts,  rarely  exceeding  1  mm.  in 
length.    They  are  roun<l  an<l  ecmvex  and  somewlint  shining. 

The  head  and  (^yes  jire  large;  the  mnxiihe  hav<*  only  one 
lobe.  The  wings,  which  are  larger  than  in  the  preceding 
family,  have  a  fringe  of  long  liairs.  There  are  c»nly  three  visible 
ventral  segments. 

Th(^y  are  xisually  foun<i  on  mud  or  under  stones  in  dump 
places.  Dr.  Matthews  has  written  on  t!ie  fanuly.  There  in 
only  one  British  species  (Fowler). 

(.'OHVLOI'HID/K. 

Minute.  Antenna*  eight-  to  eleven-jointed,  loosely  clubbed. 
Palpi  with  second  joint  much  dilated-  Tarfii  four-jointed, 
third  joint  minute  and  concealed .   Six  free  ventral  m*)ti^^«^ntN . 

A  family  of  jilmut  200  s{K»eieH,  with  representatives  in  all 
parts  of  the  world.  They  an^  very  small  irisectH,  usually  of 
rounded  form,  hut  are  more?  <ival  in  some  cases.    They  are 
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obscurely  coloured  in  black  or  brown.  In  general  apix'urance 
they  resemble  some  of  th(^  smaller  menib(Ts  of  tlu*  Silphiflff, 
With  the  exception  of  one  genus,  the  Ap/uinonphalvs^  ihv 
wings  arc  fringed  with  hair.  Tlw  palpi  an^  n^niarkable  in 
having  the  second  joint  much  dilated.  Both  larva*  and  adults 
are  found  in  decaying  veg(^tabl(*  nuitt(»r  an<l  are  l)eli(^ved  to  be 
predaceouK. 

The  family  has  })een  worked  on  l>y  Dr.  Matthews,  and  listfd 
by  Csiki  in  the  Berlin  Catalogue*.  Tluni*  an*  twelve*  Brit  if  h 
species  (Fowler). 

ril/IONOOKrUAMDj:. 

Minute.  Antennae  eleven-jointed,  hist  three  joints  fornmin^i 
an  elongate  dub.  Head  sessile,  deflexecl.  Tarsi  four-jointe<l, 
basal  three  bi-lobed,  of  equal  lenftth. 

A  family  of  one  species,  ordy  found  in  »la[>an.  In  geuiTnl 
appearaneci  it  se^nns  to  hav(*  some  aflinity  to  the*  ('(fri/lophui(r 
and  Trichoj)l(vnj(ji(la'.  Th<*  head,  which  hears  <*Iubbed  ant«*inia% 
is  hxrgc,  broad,  and  is  bent  downwards.  Nothing  is  kiu»\vn 
as  to  the  hal)its  or  (Nirli(T  stages. 

Ps  Ki  J  no(  M )  It  Y  i*(  n*n  i  o  vK. 

Minute.  Antennae  eleven -join ted,  apparently  nine -jointed, 
the  last  three  forming  a  solid  dub.  Tarsi  three -jointed, 
coxae  rounded  and  widely  separated.  Head  retractile. 
Wings  ample,  broadest  at  the  base,  with  distinct  veins. 

A  family  coini)rising  thirty  s{M»ei<»s  contauied  in  one  gentis;. 
Some  species  occur  in  P(»nang,  China,  and  Japan,  and  one  in 
Brazil. 

They  bear  rehitionship  in  various  ways  to  th(«  (U)ccindli(ta\ 
Trichoptery(jid(r ,  and  fiilj)hi(l<i\  'Vhvy  an*  very  small  and  hav« 
a  large  retractile  head  and  three  lobc»d  nnixilla\  The  antttmia? 
are  short  and  Ix^ar  a  Holi<l  elub.  The*,  wings  are  large,  with 
quite  distinct  veins.  The  tarsi  an;  three-jointecL  The  Hff- 
history  is  not  known. 

The  species  have  l>een  listed  by  Csiki  in  the  BcrHn  Catalogue?. 


(X)i.K<)lTKItA 


Antennae  ten-  to  eleven -jointed,  cxpandinjj  upically.  Lcj^m 
long  and  slender,  tarsi  three-jointed.  Klytru  truncaee^ 
Abdomen  with  six  to  seven  visible  ventral  HcAmcntn,  the 
basal  one  large. 

A  family  of  about  200  K|)ecics,  widely  <li8trihn<<'(l  in  both 
temperate  and  trf)j)ical  n^gions.  They  an*  small  nml  hliiutly 
ovate.  Some  specicH  un^  l)right  ly  ('ohaircd,  while  of  horn  an* 
of  soml)rc  a[)pearanc(\ 

The  head  is  of  moderaU^  sizt^  with  th<'  <y<*s  proinini'iit.  Th** 
pronotum,  which  closc^Iy  fits  the  elytra  as  in  Iht*  1/ isiiri*/(t\  in 
hirge.  Th(i  elytra  do  not  cover  the  alKl<»inen,  lait  leave  the 
hist  three  segnu^iilH  exi)os(»d.    Tlw  le^s  are  lort^  and  hlender. 

The  larva  of  Sra'phiscrma  (ujarirhi vtn ,  which  may  \)v  tjdveri 
as  being  fairly  tyjneab  reHenil)h*s  those  of  the  Sttiphytinititt , 
the  cerci,  however,  l)eing  very  short.  Tht*  si<h*H  of  the  ho<ly 
bear  long  hairs.  TIktc  is  also  a  sh<»rt  artal  prurehH,  Holh 
hirva'.  and  adults  an*  found  in  nuishrooin?'*  where  tliey  feed  on 
the  tissucH.  J>r.  A.  Matthews  lias  written  on  the  fanuly. 
Csiki  lists  the  H])<»cies  in  tlu^  lUrMn  (*atalogue.  Thrre  are  fot$r 
British  si)ecies  (Fowler). 

HrHTKUII)/K. 

Antennae  short,  clubbed  and  elbowed.  Tar«l  live-joiiitecl, 
tibia  usually  dilated.  Elytra  truncate,  expoHin^  two  He^* 
ments.   Hind  coxje  widely  separated. 

A  largo  family  of  some  1,700  species,  widely  distributed 
throughout  the  world.  They  are  c^nsily  reeogni/ublf*  by  their 
compact  form  and  hard  integument.  They  nr<»  UHunfly  bhiek 
and  shining,  with  ckn^p  striations  on  the  elytra.  Some  speeiei* 
have  red  or  orange  markings.  The  shape  varies  ;  the  majority 
of  species  are  very  rotund,  \m\,  tiiere  are  otbers  more*  elongate 
and  very  flat. 

The  mouth-parts  are  well  develojK^d,  with  str(»ng  rniin<libles. 
The  head  in  some  species  is  n^tractile,  *V\w  antennie  are 
elbowed  and  clubbed,  and  conceale<i  when  not  in  use  in  n  groove 
under  the  pronotum.    The  pronotum  is  large  and  closely 
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fits  the  elytra,  wliicli  ar(^  irunca1(\  Icaviiif^  two  segincnis 
cxpoHcd.  The  logs  arc  sliort,  stoutly  built,  with  enlarged, 
toothed  tibia. 

The  larva*,  are  elongate,  more  or  less  broad,  with  .-^oft  integu- 
ment. They  have  well-ch^veloped  mouth-parts  with  strong 
mandibles.  Tlie  abdomen  terminates  in  a  pair  of  short,  iwa^ 
jointed  cereh  The  legs  of  sonu^  species,  particularly  tin*  germs 
Ilisier,  are  V(^ry  short.  The  adults  of  Ifisdr  and  adlicd  genera 
frequent  dung, carcases, etc., and  although  it  has  bc-(-n  thought 
they  feed  on  such  matter,  it  is  v(Ty  i)ossibh'  t  h(*y  an*  prc^tlaeeous 
on  Dipterous  and  other  larvae  whi(*h  an*  to  be  fotuitl  tliere. 
Some  species  are  found  living  with  ternut<'s,  while  others 
froqxK^nt  ants'  nests.    Th(^  larva'  an'  carnivorous. 

Th(^  family  has  bo(^n  monographed  in  ihv  (ivmm  f  iisrrfttnini , 
by  Bickhanit,  Fasc.  (lOKi).  The  species  have  been  listed 
by  Bickhardt  in  the  Berlin  ('atah)gue. 

TIhtc  are  forty  l^ritish  spe(ues  (FowhT). 

Their  habits  either  as  scavengers  or  predators  might  be 
consid(T(^(l  b(*neficial. 

NiroNiin.K. 

Elongate,  cylindrical.  Antennae  elbowed,  with  three- 
jointed  club.  Tarsi  five-jointed,  the  la«t  nearly  a$J  lon^  an 
the  preceding  four  together.  Clypeus  with  horn -like 
projections. 

A  small  family  containing  only  one  genus  of  f(*w  s|H*cies, 
found  in  tfapan,  India,  and  Borneo.  'Hiey  are  small  beetles^ 
not  exceeding  0  mm,  in  length  ;  elongate  an<l  ('yHndrieiU  in 
form  and  generally  bhu^k  or  some  other  dull  colour. 

The  head  is  broad  and  long,  with  th<»  ely|M»us  bewaring  short, 
horny  projections.  The  nuindibb's  an*  hirge  and  dellexed. 
The  antenna^  are  elbowed  and  clubbed.  The  {)ron<it«rn  is 
long  and  broad,  the  elytra  trun(^at<%  ex(>osing  two  Hegmf*nts. 
The  legs  are  stoutly  built,  the  tif)ia»  b(*ing  strongly  toothed  on 
their  outer  edge.  They  arc  <litirnal  in  habit  awl  are  found 
frequenting  timber  affecttHl  with  Scoiytids,  whieh  they  H<*ek 
out  in  their  borings. 

Mr.  G.  Lewis  has  written  of  tht^m  (TraiiH,  Kni.  Htjc,  lAmd. 
1885). 


Small,  winjiless,  eyeless.  Anteniue  three-jointed,  tAt'si 
five-jointed. 

A  family  of  only  <>n<*  .<|H'<'irs,  wliich  has  hecii  foiUMi  in  Kun»j>r 
and  America.    It  is  a  small  iH*cthM>f  lunsi  ahunrnial  rhararti  r 
and  it  was  for  s(ini<'  tiiiu*  (•{)nsid<*rr(l  in  hrhmji^  tn  a  Mi'|tarat<' 
order. 

It  has  a  large  head  in  w  in'<-h  the  i-yvs  an-  uantinj.!;  and  tin- 
mandihl(»s  very  naiiinentary.  The  aiitrnna'  an*  :.u|M  riirijdly 
thn^e-jointed,  hut  th«*  kiioh  lik«*  third  j<»iijt  is  ina<lr  uj>  nf  m  vi  n 
or  eight  v(Ty  eompaet  joints.  'I*h<*  rlyfra  an*  very  hnrt  iind 
wings  an*  wanting.    The  l<*gs  are  short .  \uth  five  jointrd  larHi. 

It  has  lH*en  found  on  the  heaver  ;  htit  wln  thfr  it  fii  tU  thi  rr 
on  oth(T  smaller  ()arasites,  (ir  <»t»  skin  exiniat  itm  ..  dti<v^.  n*»t  « «  tn 
to  1)0  clear.  The  larva  is  known  to  he  elongate,  jiarrowinji:  in 
front  and  h(»hind,  and  fiossessing  u  fiair  of  short  <-erei  jind  an 
anal  process.  This  family  has  \hh*u  nitinogruph*  rl  hy  l>i  *^neuH 
in  (/en.  Ins,  Fasc.  41  (HKMi). 

(h)  (]LAVI(!<MlNfA 
Antennae  usually  clubbed. 

SvSTKMin/K 

Antennx*  sub^eniculatcs  clubbed.  Tarni  Hve-jolnted, 
Abdomen  with  eiftht  or  nine  tergite«  ami  live  literniteH. 
Elytra  not  quite  coverinjj  abdomen. 

A  small  family  of  one  genus  containing  six  speeiei^,  <»eeurring 
in  India,  KastcTn  Asia,  an<i  Mexirci.  They  are  allie«l  to  the 
Jlisteru/w  and  are  <d)Iong  and  HonH'what  flejireHsef!  in  ff»rni» 
They  have  large  hoads,  with  ntnmg  nmndihles  ;  antennfe  wfueh 
an^  mon^  or  less  tdhowed  and  tenninnte  in  a  f>rond,  Cfinijire^sed 
cluh.  The  proncitum  is  lf)ng  and  hroad.  htit  does  n(*t  fit  the 
base  of  the  elytra  as  in  tfu*  IlistrruUr.  Thv  Ic^gs  are  strongly 
built  and  have  five  jointed  tarni. 

Nothing  w^ems  to  h(»  known  <if  the  lih-  hist(^ry,  11iey  liavi* 
been  found  frequenting  trees  with  running  nap. 
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Antennae  short,  eleven -jointed,  clubbed,  not  geniculate. 
Tarsi  five -jointed.  Anterior  and  posterior  coxae  contiguous, 
middle  coxae  separated.   Elytra  truncate.   Legs  slender. 

This  family  contains  one  species  found  in  the  West  of  North 
America,  and  Northern  and  Central  Europe.  It  is  a  small 
insect  bearing  a  superficial  resemblance  to  some  of  the 
Histerids.  The  antennae  possess  a  three- jointed  club,  but  are 
not  elbowed.  The  pronotum  fits  closely  to  the  elytra,  which 
are  truncate,  leaving  the  apex  of  the  abdomen  exposed.  The 
legs  are  slender. 

It  has  been  found  in  old  fungi,  in  carcasses  of  small  birds  and 
mammals  and  in  snails.   The  earlier  stages  are  not  known. 

TR'OGOSiTiDja  {Temnochilidce,  Ostomidce), 

Antennae  clubbed  on  one  side.  Tarsi  five-jointed,  first 
joint  small.  Elytra  covering  abdomen.  Hind  coxae  con- 
tiguous, fore  and  middle  coxae  more  or  less  expanded. 

A  family  of  from  400  to  500  species,  mainly  found  in  tropical 
regions  ;  but  some  of  its  nxembers  have  been  distributed 
about  the  world  by  commerce. 

They  are  small  insects  varying  much  in  form ;  some  are 
round  and  convex,  others  elongate  and  cylindrical.  Their 
colouring  is  usually  dark.  They  have  strong  biting  mouth- 
parts,  short  antennae,  with  the  apical  joints  laterally  expanded  ; 
a  well-developed  prothorax ;  elytra  which  completely  cover 
the  abdomen,  and  fairly  short  legs. 

A  good  distinguishing  feature  between  them  and  the 
Nitidulidce  is  the  fact  of  their  having  the  first  and  not  the 
fourth  tarsal  joint  very  small.  The  larvae  are  elongate  and 
parallel-sided,  with  a  large  head  and  well-developed  mandibles. 
The  thoracic  legs  are  short.  The  apical  segment  bears  two 
short,  chitinized  processes.  There  are  a  few  bristles  on  the 
sides  of  the  body. 

The  adults  of  some  genera  (Nemosoma,  Temnochila,  and 
Tenebrioides)  live  in  decaying  trees  on  the  larvae  of  wood- 
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boring  insects.  Other  species  [Ostoma)  inhabit  fungoid  growths 
on  trees.   The  larvae  are  questionably  predaceous. 

Rupertsburger  has  done  some  work  on  this  family  (1894). 

There  are  three  British  species  (Fowler). 

Tenebrioides  mauritanica,  a  cosmopolitan  insect,  lives  in 
stored  grain,  which  it  is  accused  of  damaging.  The  larva 
certainly  injures  a  lot  of  grain  by  eating  out  the  embryo  of 
each ;  but  it  is  a  question  as  to  whether  the  adult  does  not 
feed  more  on  the  larvae  of  other  grain-infesting  insects  than 
on  the  grain  itself.  In  any  case,  it  is  easily  exterminated  by 
means  of  heat  and  fumigants. 

Helotid^. 

Antennae  short,  with  four-jointed  club.  Tarsi  five-jointed, 
fifth  longer  than  rest  combined.  Anterior  coxal  cavities 
round  ;  coxae  widely  separated.  Two  raised  waxy  spots  on 
each  elytron. 

A  small  family  of  about  forty  species,  occurring  in  Japan, 
Malay  and  certain  parts  of  India.  One  species  has  been  found 
in  East  Africa.  In  shape  they  are  an  elongate-oblong,  with 
a  metallic  npper  surface,  much  sculptured,  and  usually  with 
four  raised,  yellowish,  waxy  spots  on  the  elytra. 

They  have  a  small  head,  short,  clubbed  antennae,  and  eyes 
set  well  back.  In  general  characters  they  resemble  the 
Erotylidce,  The  fhst  tarsal  joint  is  very  small,  and  the  fifth 
is  longer  than  the  preceding  four  together. 

They  have  been  found  feeding  on  the  exuding  s£Dp  of  trees. 
The  earlier  stages  still  remain  to  be  investigated.  The  species 
have  been  listed  by  Ritsema  in  the  Berlin  Catalogue. 

Antennae  inserted  before  eyes,  eleven -jointed,  with  three- 
jointed  club.  Tarsi  five -jointed,  fourth  small;  claws 
toothed.  Coxae  narrowly  separated,  anterior  coxal  cavities 
closed  behind.   Five  free  ventral  segments. 

A  family  of  only  one  genus  comprising  four  species,  two  of 
which  are  found  in  Europe  and  two  in  North  America. 
They  are  small  beetles,  3-4  mm.  long,  of  a  dull  yellowish 
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tinge  with  grey  or  greenish  pubescence.  They  resemble  in 
general  characters  some  species  of  the  family  Nitidublidce. 

The  larvae  are  cylindrical  and  have  at  the  sides  a  few  long 
hairs.  The  abdomen  terminates  in  a  pair  of  short  cerci,  and 
there  is  an  anal  process,  said  to  assist  locomotion.  The  pupae 
are  very  hairy  and  are  found  in  the  soil,  or  sometimes  in  crevices 
of  sticks.  The  adults  frequent  flowers,  feeding  on  the  petals, 
etc.,  especially  those  of  the  raspberry,  loganberry  and  black- 
berry, of  which  latter  the  cultivated  kinds  are  more  often 
visited.  On  warm,  sunny  days  the  beetles  may  often  be  seen 
in  flight.    The  two  European  species  occur  in  Britain  (Eowler), 

The  habits  of  the  larval  and  adult  stages  of  one  of  the  British 
species  {Byturus  tomentosus  F.)  make  it  of  economic  importance 
inasmuch  as  greatly  effects  the  quality  and  quantity  of  the 
raspberry  crop  of  this  country.  Damage  is  done  in  the  first 
place  by  the  adult  biting  the  blossoms  and  often  destroying 
the  reproductive  organs.  An  egg  is  also  laid  by  the  beetle  in 
the  blossom  as  soon  as  it  opens,  the  resulting  larva  eating  its 
way  to  the  receptacle,  into  which  it  burrows  and  from  there 
eats  portions  of  the  surrounding  fruit,  which  either  becomes 
deformed  or  falls  off.  The  grubs  sometimes  crawl  from  the 
damaged  berry  to  a  clean  one,  burrowing  into  it  at  its  base. 
Pupation  generally  takes  place  in  the  soil  or  under  the  loose 
bark  of  the  canes,  the  adults  emerging  in  the  following  spring. 

A  good  method  of  control  is  to  dig  well  around  the  canes ; 
also  to  burn  all  prunings. 

NlTIDULID^. 

Antennae  with  a  three -jointed  club.  Tarsi  usually  five- 
j Dinted,  fourth  joint  small.  Coxae  separate,  outwardly 
prolonged.   Elytra  often  truncate.   Five  free  sternites. 

A  large  family  of  some  1,500  species,  widely  distributed  in 
both  temperate  and  tropical  countries. 

They  are  an  interesting  family  inasmuch  as  they  vary  greatly 
in  shape,  size,  general  structure  and  habits.  They  are  mostly 
black  or  brown  of  colour,  with  or  without  markings,  and  are 
generally  pubescent. .  They  range  from  very  small  to  moderate 
sized  insects.   Some  are  round  and  convex,  some  oval,  and 
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obhers  narrow  and  elongate.  Some  have  abbreviated  elytra 
and  resemble  Staphylinids,  others  have  only  the  last  two 
segments  exposed,  while  others  again  have  complete  elytra. 

The  head  is  usually  of  moderate  size.  The  antennae  bear  a 
club,  in  some  species  round  and  compact,  in  others  rather  loose 
and  oval.  The  thorax  closely  fits  the  elytra  in  the  majority 
of  cases.  There  are  five  visible  ventral  segments.  The  legs 
are  short,  stout,  and  in  some  species  retractile.  The  tarsi  are 
in  nearly  all  cases  five-jointed ;  but  the  posterior  tarsi  of  the 
males  of  the  tribe  Ehizophagina  are  four-jointed. 

The  larvae,  several  species  of  which  have  been  described  by 
Perris,  etc.,  are  elongate,  with  a  smallish  head  and  short 
antennae.  They  more  or  less  taper  towards  the  apex,  and  have 
the  last  segment  furnished  with  a  pair  of  hooks.  The  legs  are 
short.  They  are  found  in  many  situations  :  in  flowers,  on  the 
parts  of  which  they  feed,  in  carcasses  of  animals,  in  rubbish 
or  faggots  and  many  other  places.  The  adults  likewise  have 
the  same  diversity  of  habit,  and  occur  in  a  variety  of  situations  : 
at  sap  of  trees,  among  bones,  in  rotting  fruit,  or  on  flowers, 
and  the  members  of  one  genus  (Amphotis)  in  ants'  nests.  Many 
act  as  scavengers,  while  others  live  on  fresh  food. 

The  family  has  been  monographed  in  part  by  Murray 
{Trans.  Linn.  Soc.  xxiv)  and  by  Peitter  (Verh.  Ver.  Brunn. 
xii).  Fowler  has  written  on  the  general  characteristics  of 
the  family  in  the  Entom.  Month.  Mag.,  vols,  xxi  and  xxii. 

Grouvelle  lists  the  species  in  the  Berlin  Catalogue. 

There  are  ninety-two  British  species  (Fowler). 

The  family  cannot  be  said  to  be  of  economic  importance, 
although  members  of  the  genus  Carjpojphilus  have  been  found 
among  grain  and  dried  fruits,  and  Meligethes  cjeneus  in  the 
flowers  of  mustard,  rape,  and  tobacco. 

CuOTJJIDiE3. 

Small,  fliat.  Antennae  eleven -jointed.  Tarsi  four-  or 
five-jointed.   Pronotum  often  laterally  toothed. 

A  family  of  some  450  species,  distributed  over  the  greater 
part  of  the  world.  The  majority  of  them  are  quite  small 
insects,  but  a  few  attain  to  more  moderate  size.    In  form  they 
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arc  geiHTally  (elongate,  narrow,  and  (l('])r(*Hsc(l.  '^I'liey  sc^ldoni 
hIiow  any  other  colouring  than  varying  dcgrcM/s  of  brown. 
Th(^  antenna^  arc  inserted  iuhUt  t  lu*  side  margins  of  the  fnmi , 
and  altliough  ih<\y  are  usually  long  and  slen<i<*r  at  tlu*  a|K*x, 
may  in  a  nuruber  of  (ras(»s  l)e  feebly  clubbed.  The^  iuan(lifd<*H 
are  prominent  and  stroiig.  The  sides  of  the  tliorax  are  (Tcnu- 
lat(»  in  a  numlx'r  of  si)ecies.  Tin*  (dytra  cover  the  aibdonien. 
Thv  legs  an*  mod(»rat(^Iy  long^  usually  with  live  jointt'd  tarhi  ; 
but  in  some*  males  an»  four- jointed  in  th(*  |)osterior  l(*gs,  an<l  in 
a  f(»w  eas(»s  are  all  four  joinied.  T\w  larva*  vary  nnu-h  in  hIiujms 
Sonic  aw.  very  flat ,  ot  hers  cvlin<lrical  and  con V(*x.  Those  of  t  h(* 
genus  linmtfs,  (»tc.,  have*  well-d<*v(*loped  eerci  and  an  auul 
appendage*.  In  /^Uranus  ihv  aj)ical  Hcgment  is  (|ui(e  siinpie  : 
th<»  puf>as  however,  bear  two  short  eerci. 

The  adults  usually  live  under  bark  or  in  <lecaying  wood  ;  but 
quit(*  a  numb(»rof  sp(»cies  are  found  in  grain.  ric(*.  tlried  fniith. 
tobacco,  etc.    Then*  an*  also  a  fc»w  whicli  live  in  ants'  iM*hts. 

T\w  hirvu'  of  the  woo<I  infesting  s[)ccics  are  r'arnivciroui-, 
feeding  on  thc<  larva*  of  wood-boring  bc<'tles,  parti<'uhir!y  Miti^e 
of  the  HrabjtUhr,    Th(»re  an*  eighteen  British  Hpc<'ii  h  (F{»wler). 

h>Urnnus  .surinamvnsis,  whicli  has  becfane  alnto.st  cnsiiit* 
politan,  liv(*s  and  bre(*ds  in  sugar  and  dried  fci<»ds,  as  well  as 
in  grain  infested  by  other  insects. 

MoNOToMin^K. 

Very  small.  Antenna*  eleven -jointed,  with  miHtl  ciub. 
Tarsi  five -jointed,  apparently  three -jointed.  MaxllUe  fr4»e. 
Five  free  Kternite«»  first  and  fifth  lonfteHt,  Fyftidium 
exposed. 

A  family  of  alamt  lOfKspeci<*s,  which  are  widely  ilisirihnted. 

They  an*  v(tv  small,  somf*what  elongate  and  depresHe«l  and 
usually  of  (bill  colouring. 

The  lH*ad  is  large,  with  sh(»rt,  strong  mandibles.  The 
thorax  is  crenulatc^  at  the  sides.  The  elytra  do  not  eonipleti  ly 
cover  the  ab<Iom(*n,  but  leave  the  pygidiuni  exjKiHcd,  The 
females  have  live  visibh*  ventral  segmcntHand  the  nnil(*s  h'\%. 
The  a<bdt  l)eetleH  an^  fouml  tinder  bark  and  in  rulihish. 
A  f(*w  s|H*(dcs  inhal)it  tlie  ni'sts  of  antn.  There  are  nitie 
British  HjK'eies  (Fowler). 
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ER0TYLIDiE3. 

Antennae  eleven -jointed,  with  three-  or  four -jointed  club, 
inserted  in  front  of  or  between  the  eyes.  Tarsi  five-jointed, 
apparently  four -jointed  in  some  forms,  the  basal  three  broad 
and  pubescent.   Elytra  covering  abdomen ,  five  free  sternites . 

A  large  family,  occurring  in  both  temperate  and  tropical 
regions,  but  the  majority  of  its  members  inhabiting  the  latter 
zone. 

They  are  subject  to  much  variation  in  size  and  form  and  also 
of  colour.  Those  found  in  temperate  regions  are  usually  small, 
more  or  less  oblong  and  without  much  distinctive  colouring ; 
but  the  tropical  species  are  larger,  with  more  diversity  of 
form,  some  being  nearly  round  and  others  elongate,  and  are 
often  much  more  highly  coloured,  especially  in  metallic  blues 
and  greens. 

The  head  is  of  moderate  size,  but  varies  somewhat  in  shape. 
The  antennae,  which  have  a  three  or  four- jointed  club,  are 
placed  just  in  front  of  or  between  the  eyes.  The  thorax  in 
many  cases  has  the  sides  slightly  raised.  The  elytra  com- 
pletely cover  the  abdomen.  There  are  five  free  ventral 
segments.  The  legs  are  of  moderate  length,  with  five-jointed 
tarsi;  the  fourth  is  often  very  small  and  can  easily  be 
overlooked. 

The  larvae  of  a  few  species  are  known :  that  of  Languria 
mozardi  is  elongate,  yellow  of  colour,  with  an  anal  appendage 
and  two  curved,  spiny  cerci.  The  legs  are  fairly  long.  The 
larvae  of  the  sub-family  Erotylince  are  somewhat  broader  and 
not  always  furnished  with  cerci  and  an  anal  appendage.  The 
legs  are  very  short. 

The  adults  and  larvae  of  the  sub -family  Languriince  frequent 
low  bushes  and  plants  :  the  larvae  in  many  cases  living  in  the 
stems.  The  Erotylince  are  more  confined  to  forest  regions, 
where  they  live  in  fungus  growths  on  timber.  The  former  of 
these  sub-famiKes  has  been  listed  by  Fowler  {Gen.  Ins,  Ease. 
78,  1908)  and  the  latter  by  Kuhnt  (Gen.  Ins.  Ease.  88,  1909). 
Gorham  has  worked  on  some  of  the  Indian  species  {Ann. 
Soc.  Ent.  Beige.  1895  and  1903).  The  species  are  listed  in  the 
Berlin  Catalogue. 

There  are  only  six  British  species. 
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-In  America,  one  spec'u^s,  Lawjuria  mozardi,  Ijw.,  injur(*s  the 
el()V(T  crop  to  some  extent,  ]yy  the  larva'  boring  in  tli<»  st(*m.s. 

(jRVI»T<)niA(JII).K. 

Small.  Antennae  eleven -jointed,  usually  with  a  three- 
jointed  club.  Tarsi  five-jointed,  sometimes  heteromerous 
in  the  males.  Elytra  covering  abdomen,  upper  surface  more 
or  less  pubescent.   Five  visible  sternites,  first  longest. 

A  family  of  some  o(K)  odd  HjK'eies,  found  in  l)oth  tenqwTatc* 
and  tropical  n^gions. 

They  are  small  beetles,  not  ex(teeding  4  .*>  nun.  in  length  ; 
ol)SCure  of  colour  and  generally  f)ub(»seent  alH)v<*, 

Th(\y  i)OKsesH  ineonspicnioiis  bit  ing  niout  h- parts.  Thc^  sides 
of  the  prcmotum  are  slightly  tooth(»d.  The  elytra  are  often 
pubescent,  in  some  cas(*s  having  a  thick  covering  of  hairs. 
The  first  ventral  abdominal  segment  is  in  all  eases  the  l(»ng<*Ht. 
As  stated  above,  the  tarsi  arc^  usually  all  five  j<>int(*d  ;  but  in 
the  males  of  some  species  the  post<Tior  tarsi  are  (^dy  four 
joint(^d. 

Th(^  larvae  are  (elongate,  but  do  not  possess  eerei  or  anal 
ap[)endag(\ 

Both  larva:  and  adults  occur  in  a  vari<*ty  of  situatiifus:  in 
fungi,  moidd,  or  d(»(!aying  v<'getable  matt<T;  on  flowers  or 
muler  bark.  The  larva*  of  tlu*  genus  Anihvrtfj^hmjnn  hav<*  been 
found  in  th(^  nests  of  l)umbl(^"l>ees  ;  while  some  species  i>f 
(Jrj/ptophaij'us  oi'.mr  in  wasps'  n(*sts  and  others  of  AUmmrm  in 
ants'  ru^sts.  It  is  ])resum(»d  that  the*  larva*  foiuid  in  ass(K*iation 
with  other  insects  act  as  scavengers. 

Th(T(^  ar<^  sixty-nine^  British  specieH  (Fowler),  AUmnrin 
linearis,  has  been  known  to  attack  beet  in  Kuro|M*, 

(UToruocnoTiD/K. 

Minute.  Antennae  very  short,  eleven -jointed,  compact, 
but  not  clubbed.  Tarsi  fi  ve- join  ted  •  Middle  and  hind  cox^ 
widely  separated.  Pronotum  as  broad  as  bane  of  elytra, 
which  do  not  quite  cover  abdomen. 

A  family  of  few  species,  found  in  Turkestan. 

They  are  very  small  b(M»tleH,  not  excee<iing  :\  mm.  in  length. 
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They  resemble  somewhat  the  Corylophidce,  but  are  not  so 
round  in  form. 

The  antennae  are  very  short  and  inserted  under  the  side 
margins  of  the  forehead.  The  anterior  coxae  are  separated 
by  a  prosternal  process.  The  elytra  do  not  quite  cover  the 
abdomen. 

Little  seems  to  be  known  as  to  the  habits  and  life-history 
of  these  insects. 

Phalacrid^. 

Very  small,  compact,  convex,  smooth  and  shining. 
Antennae  eleven -jointed,  clubbed.  Tarsi  five -jointed,  fourth 
joint  often  very  small.  Front  coxae  globular,  hind  coxae 
contiguous.  Elytra  cover  abdomen.  Head  sunk  into 
pronotum. 

A  family  of  about  300  species  occurring  in  all  parts  of  the 
world. 

They  are  very  small,  compact  insects,  oval  in  form,  and 
generally  smooth  and  shining;  black  or  brown  of  colour. 

The  head  is  sunk  into  the  pronotum  and  half  concealed. 
The  antennae  are  more  or  less  clubbed.  The  legs  are  short 
and  stout. 

The  larva  of  one  species,  Olihrus  affinis,  has  been  described 
by  Laboulbene,  as  having  a  narrow  head,  a  broader  pronotum, 
with  two  dorsal  plates,  and  a  somewhat  broad  anal  process. 
The  lai;va  of  0,  bicolor  has  short  cerci,  but  no  anal  process. 

The  adults  are  usually  found  on  herbage,  often  on  the 
flower-heads  of  the  Compositce.  Occasionally  they  occur  in 
moss.  The  larvae  of  the  flower-frequenting  species  are  said 
to  bore  down  the  stems  and  pupate  in  earthen  cocoons. 

There  are  fifteen  British  species  (Fowler).  None  are  of 
economic  importance. 

Thorictidje. 

Very  small.  Eyes  small  or  rudimentary.  Antennae  short, 
eleven -jointed,  clubbed.  Tarsi  five-jointed.  Scutellum  not 
visible,  elytra  connate  at  suture,  covering  abdomen. 

A  small  family  of  two  genera,  found  only  in  the  Mediterranean 
region. 
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Thoy  arc  very  Hrnall  inK<'.c,tH,  rar(*Iy  i^xcvedinfr  >  mm. 

The  antennae,  whi(-h  art',  short  and  thick,  have*  a  chiU  'whuh 
appoaTB  to  he  solid,  })ui  is  really  t  lircM^-jointcd.  'I'he  eyes  are 
small,  and  in  sodu^  spcHjirs  v<^iy  rudinuTitary.  Tin*  H<nit<'Ilinii 
IK  not  visihle,  arul  Uio  ctlytrn,  which  cover  tho  alKi()incii,  aro 
Holdored  togcthcT  at  t  he  suiur<*.  'I'he  Ic^s  nrv  short  and  stout . 
ThoKO  l)ectleH  |)Osh(^hk  littlo  tufts  of  yelIowis]i-gol(l{»n  hair,  in 
Home  spocios  situated  on  the  ventral  surface  of  the  body,  in 
others  at  tlie  liind  angles  of  tin*  j)n>sternunu 

Tlio  adults  are  found  in  thc^  nc^sts  of  ants,  particularly 
MynMcocy stuff,  lliey  Lave  often  l)een  noticed  clinging  to 
the  scape  of  th(^  antenna*  of  the  ants,  and  it  has  heen  suggestccl 
by  Wasmann  that  this  hahit  enahh-s  the  ants  to  reach  the 
ahove-rnentioned  tufts  of  hair,  whii'li  secrete  sonje  snhstanee 
appreoiat(*(l  l)y  tho  ants. 

Dbrodonth).^;. 

Small,  coarsely  punctured.  Antennse  almost  filiform, 
slightly  thickened  towards  the  apex.  lA»gs  slender,  tarsi 
five-jointed,  simple.  Elytra  cover  abdomen.  Five  free 
ventral  segnntents. 

A  small  family  of  nine  species,  oceurrin^  in  Ktirofx*.  North 
ArncTica,  and  Jaj)an. 

They  are  small  and  eoarsely  punctur<*fl  ;  ohh^ng  or  oval  in 
form.  Their  (\ves  are  promin<*nt  nnrl  their  »tit(*nfue  almont 
filiform.  The  nK^nhcrs  of  thi*  genus  Ih  nHfuain^H  have  a  round 
thorax,  toothcni  ait  the  sides.  The  elytra  euinpletely  cover 
the  abdomen.    The  legs  are  slender,  with  five  Johited  tarsi. 

The  lifo-history  is  unknown. 

They  have  been  listed  by  S(dieiik!inf<  in  th(«  Herlin  Catalogue. 
TluTo  are  no  British  represt*nhitivcs. 

Tarai  three-jointed.  Fronotum  narrow,  Ahdomm  with 
five  or  six  free  ventral  s^gm^^nts. 

A  family  of  some  7tK)  HjK*eic»s,  cKicttrring  in  all  parts  of  the 
world. 

They  are  small  }>eeil(*s,  not  exe(*eding  3  rnni.  in  length; 
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elongate-oval  in  shape ;  pubescent  in  some  species  and  bare 
and  shining  in  others.  The  head  is  proportionally  big.  The 
mandibles  not  very  well  developed.  The  antennae,  which  have 
the  last  two  or  three  joints  expanded  to  form  a  loose  club,  are 
inserted  in  front  of  the  eyes.  The  thorax  is  often  much 
narrower  at  the  base  than  the  eljrtra,  which  are  in  many  cases 
strongly  punctured  and  ribbed.  The  legs  are  long  and  slender, 
with  three-jointed  tarsi. 

The  larvae  are  elongate,  oval,  soft,  whitish  in  colour,  with 
markings  in  some  species,  and  clothed  with  hairs  of  varying 
length.  The  thoracic  segments  are  larger  than  the  others. 
The  last  abdominal  segment  possesses  a  short  process,  acting 
as  a  proleg.  The  mandibles  are  fleshy.  The  pupae  are  whitish, 
and  bear  short  hairs  on  and  near  the  face.  Both  stages  arc 
found  in  moss,  decaying  wood,  powdery  fungi,  and  various 
kinds  of  vegetable  refuse.  There  are  also  a  few  myrmeco- 
philous  species.  They  feed  on  dead  animal  or  cryptogamic 
matter. 

The  family  has  been  monographed  by  M.  J.  Belon  in  the 
Oenera  Insectorum,  Fasc.  3  (1902).  There  are  thirty  British 
species  (Fowler). 

Mycetophagid^. 

Antennae  eleven -jointed,  thickened  towards  the  apex  to 
form  a  club.  Tarsi  four -jointed,  except  the  anterior  pair  in 
the  males,  which  are  three -jointed.  Five  free,  equal,  ventral 
segments. 

A  family  of  some  100  species,  distributed  over  the  greater 
portion  of  the  world.  The  members  of  this  family  are  small, 
usually  elongate-oblong  in  shape  ;  more  or  less  pubescent,  and 
in  many  cases  brightly  coloured,  especially  with  orange  or 
yellow  markings.  The  head  is  small.  The  clubbed  antennae 
are  inserted  in  front  of  the  eyes,  under  the  side  margins  of  the 
forehead.  The  legs  are  slender,  and  of  moderate  length. 
The  males  are  recognizable  by  the  fact  of  their  anterior  tarsi 
being  only  three-jointed.  The  thorax  and  elytra  are  usually 
more  or  less  punctured  and  pubescent. 

The  larvse  of  a  number  of  species  have  been  described  by 
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Perris  as  being  elongate  and  parallel-sided,  with  a  few  long, 
lateral  hairs,  the  abdomen  terminating  in  a  pair  of  short, 
hooked  cerci  and  also  a  very  small  anal  tube.  The  legs  are 
short.  The  adults  are  found  under  bark,  in  fungi,  amongst 
the  rubbish  at  the  bottom  of  haystacks,  and  occasionally  in 
granaries.  They  are  presumably  fungus-feeders  in  both 
larval  and  adult  stage. 

There  are  eleven  British  species  (Fowler), 

COLYDIIDJE. 

Mostly  elongate  and  cylindrical.  Antennae  short  and 
clubbed,  eight-  to  eleven -jointed.  Tarsi  four -jointed,  simple. 
Elytra  covering  abdonnien.  Five  visible  sternites,  anterior 
ones  connate. 

A  family  of  some  600  species,  with  representatives  in  most 
parts  of  the  world. 

These  are  small  to  moderate-sized  beetles  of  varied  form. 
The  majority  of  them  are  elongate  and  cylindrical.  They 
are  usually  black  or  dull  brown  of  colour. 

The  antennae  are  usually  ten-  or  eleven-jointed,  but  there 
are  a  few  species  in  which  they  are  only  eight-jointed.  The 
club  in  some  cases  is  solid.  The  thorax  and  elytra  are  often 
very  markedly  sculptured,  in  the  same  manner  as  many  of 
the  Lathridiidce.  The  eyes  are  of  moderate  size,  but  one 
species,  Langelandia  anophthalma,  which  lives  always  under- 
ground, is  blind. 

The  larvae  of  some  species  are  known:  that  of  Ditoma 
crenata  is  elongate  and  linear,  with  all  its  segments  of  about 
equal  size,  the  last  one  terminating  in  a  pair  of  short,  horny 
processes.   The  head  is  somewhat  narrow  and  the  legs  short. 

The  adults  live  in  fungi,  old  stumps  and  under  bark  of  trees. 
The  members  of  one  genera,  Langelandia,  live  underground. 
Others  again,  belonging  to  the  genus  Colydium,  have  been 
found  in  the  burrows  of  wood-boring  beetles,  where  they 
destroy  the  larvae. 

The  family  has  been  classified  by  Sharp  {Biol,  Oentr.  Amer, 
1894). 

There  are  sixteen  British  species  (Fowler). 


COLEOPTERA 


149 


Adimebidje, 

Minute.  Tarsi  apparently  two -jointed,  really  four -jointed, 
first  joint  very  broadly  dilated,  last  joint  elongate. 

A  small  family  of  one  genus,  containing  three  species,  only 
found  in  Central  America  and  Brazil. 

In  general  appearance  they  resemble  the  Colydiidce, 

The  formation  of  their  tarsi  is  of  interest  inasmuch  as 
although  they  appear  to  be  two-jointed,  they  are  really  four- 
jointed  ;  the  basal  joint  is  much  dilated  and  practically  conceals 
two  minute  joints  at  its  base.    The  last  joint  is  elongate. 

Nothing  is  known  of  the  life-history. 


EisrnoMYCHiD^. 


Antennae  long  and  clubbed,  inserted  between  the  eyes. 
Tarsi  four-jointed,  apparently  three -jointed,  basal  two  broad. 
Five  free  sternites,  the  first  longest. 

An  extensive  family  of  some  600  species,  distributed  over 
the  greater  part  of  the  world,  the  majority,  however,  being 
found  in  tropical  regions. 

The  members  of  this  family  show 
much  diversity  both  of  form  and  colour, 
many  being  possessed  of  unusual  shape 
and  striking  colouring,  particularly  red 
and  black.  Some  species  are  very  small, 
only  1  mm.  in  length,  while  others,  par- 
ticularly those  found  in  the  tropics, 
attain  a  length  of  nearly  an  inch. 

The  head  is  small  and  the  mouth- 
parts  not  very  conspicuous.  The  an- 
tennae have  a  somewhat  flat  three- 
jointed  club.  The  legs  are  rather  longer 
than  those  of  the  Coccinellids.  The 
eljrtra  in  some  species  are  produced,  with  a  slight  upward 
slope,  beyond  the  sides  of  the  body.  In  some  other  species 
the  elytra  bear  a  number  of  strong  upright  spines. 

The  larvae  of  a  few  species  are  known  :  that  of  Endomychus 


Fig.  47.  —  Endomychus 
coccineus,    (X  4.) 
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coccinmH  L.,  a  British  species,  nnich  resembles  eertaiii  Silj^hicl 
larva>.  Others  are  described  by  Bates  as  })eing  (»l»I(aig-()val, 
somewhat  convex  and  nion^  or  less  hairy,  and  possessing 
moderately  long  ant(»nna'.  Both  larva*  and  adults  are  found 
under  l)ark  or  in  cracks  or  crevices  of  trees,  wliere  they  f(»ed 
on  fungoid  growtlis. 

The  family  has  be(^n  worked  u[)on  by  (Jorham  {HiaL  Cmir, 
Aimr,  VII). 

Fowler  describes  five  British  species. 

(^<)(  '('INklmim;. 

Ladybird  beeth^s. 

Round,  convex.  Antennie  eleven -jotntcd,  with  ^li^ht  dub. 
Head  deeply  sunk  into  prothorax.  Le^H  nhort,  unuully 
strongly  retractile.  Tarsi  four-jointed,  basal  two  pubencent, 
third  minute  and  concealed.    Claws  toothed. 

A  family  of  over  2,(HH)  sjuries,  wi(h'ly  distributed  througliout 
the  world. 

The  members  of  tliis  family  are  the  wc^U  known  "  ladybird 
beetles,"  their  charaeteristie  round  and  convex  fc^rin  greatly 
aiding  distin<;tion  from  most  other  faniili<*H.  'IIhtc  are. 
however,  several  specicH  of  a  mort*  oblong-oval  shape.  They 
are  usually  shiny,  ntd,  or  yellow,  with  a  greater  or  less  numl«»r 
of  black  or  brown  si>ots.  They  are  tyjneal  instnrKU'S  of 
warning  coloration,  ]>eing  possessed  of  a  very  uiipk^asant 
acrid  flavour,  extn^mcdy  chstast<»fid  to  birds.  Several  sjweies 
arc  fiomowhat  pubesc^ent  and  less  f)nghtly  apfmrelled. 

The  family  may  be  (dtsarly  dividend  into  two  groups ;  oiw 
group,  th(5  IipiUi<'hni7b<r,  containing  herbivorous  sjH»eieH,  and 
the  other,  the  (UHrmdlimr,  earniv<irouK  H|HH-ies.  By  far  the 
greater  numf)er  Ix'long  to  the  latter  group. 

The  general  charact(*ristic«  an* :  a  Hmullish  head,  dei*j)ly 
sunk  into  the  prothorax  an<l  bearing,  iu  the  (*(>rrinellm(9\ 
simple,  or  bifid  mandibles,  and  in  the  Kpilnrhmnti  niandililes 
of  the  herbivorous  ty{K*.  Th(^  antenrue  an*  sliorter  t  han  those 
of  the  preceding  family,  the  Kndomyrhiilm,  arul  are  only  feebly 
clubbed.  The  thorax  is  as  broad  at  bast*  m  the  elytra,  which 
entirely  cover  the  abdomen.   I'hct  legs  are  short  and  mori*  or 
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less  retractile,  with  four-jointed  tarsi,  the  third  joint  of  which, 
in  the  majority  of  cases,  is  extremely  small  and  concealed. 
The  sexes  do  not  differ  much  in  external  characters,  although 
the  males  are  in  some  cases  smaller  ;  also  there  is  often  a  slight 
modification  in  the  structure  of  the  apical  ventral  segment  of 
the  males. 

The  eggs  are  laid  on  end  in  clusters  openly  on  plants,  and 
are  cigar-shaped  and  generally  yellow.  The  larvse  are  elongate, 
broadest  across  the  base  of  the  thorax  and  tapering  sharply 
to  the  apex  of  the  abdomen.  The  mouth-parts  are  well 
developed.  The  legs  are  moderately  long.  The  coloration 
varies,  but  is  usually  conspicuous,  often  being  greyish  with 
a  varied  number  of  yellow  or  reddish  markings.  The  body 
is  often  covered  with  spines  and  tubercles.  Pupation  takes 
place  on  the  plant,  the  larvae  attaching  themselves  to  the  leaf 
by  the  apical  segment  with  the  aid  of  a  sticky  secretion.  The 
anterior  part  of  the  body  is  drawn  up  toward  the  apical  end  ; 
the  split  larval  skin  shrinks  into  a  wrinkled  mass,  but  is  not 
entirely  cast  off  the  pupa.  Some  larvae  are  able  to  cover 
themselves  with  a  waxy  secretion  from  pits  in  the  body, 
causing  them  to  resemble  mealybugs. 

The  life-history  in  the  majority  of  cases  is  short,  all  stages 
being  gone  through  in  three  weeks.  There  are  several  broods 
per  year.  Hibernation  takes  place  as  adults,  large  numbers 
beiQg  found  in  the  winter,  congregated  under  loose  bark  or 
in  cracks.  They  are  often  found  behind  pictures  in  rooms  and 
in  the  window  frames. 

Both  larval  and  adult  stages  of  the  carnivorous  species  feed 
voraciously  on  aphids,  scale  insects,  mealybugs  and  white 
fly,  and  are  therefore  very  beneficial.  TTiea  cincta  feeds  on 
the  fruiting  bodies  (PeritJiecia)  ota>  mildew  (Phyllactineacorylea) 
which  grows  on  the  foliage  of  mulberry.  The  Ejpilachnince  are 
herbivorous  and  feed  on  the  epidermis  of  the  leaves,  especially 
of  Cucurbitaceous  and  Solanaceous  plants.  Their  larvae  are 
less  active  and  are  more  oval  in  shape.  They  pupate  in  the 
same  manner  as  the  Coccinellince. 

Gorham  is  an  authority  on  this  family.  Weise  and 
Stettiner  also  have  done  some  work  on  it.  Towler  describes 
the  forty-two  British  species.  Only  one  of  them  belongs  to 
the  herbivorous  group. 
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The  family  as  a  whole  is  of  great  economic  importance  by- 
virtue  of  its  carnivorous  species  :  immense  numbers  of  aphids, 
etc.,  being  eaten  by  these  beetles.  To  take  only  one  example, 
that  of  Chilomenes  sexmaculata,  which  lays  about  ninety  eggs 
on  the  leaves  of  the  cotton  plant ;  it  has  been  estimated  that 
one  of  the  larvae  resulting  from  these  eggs  eats  about  2,400 
cotton-infesting  aphids  in  the  course  of  its  existence.  The 
Epilachnince,  when  abundant,  may  do  a  certain  amount  of 
damage,  particularly  to  Solanacece  and  Cucurbitacece. 

Dermestidje. 

Antennae  clubbed,  concealed  in  a  groove  under  pronotum. 
Head  usually  with  frontal  ocellus.  Legs  short,  retractile ; 
tibiae  sometimes  with  distinct  spurs.  Tarsi  five -jointed, 
claws  simple.   Surface  often  pubescent  or  scaly. 

This  family,  which  is  of  moderate  size,  has  a  wide  distribution, 
the  greater  number  of  its  members,  however,  inhabiting 
temperate  regions.  Their  habits  have  caused  a  number  of 
species  to  become  almost  cosmopolitan  in  range,  they  being 
carried  about  the  world  by  commerce. 

In  shape  these  beetles  are  oval  or  oblong,  and  are  of  small 
size,  seldom  exceeding  10  mm.  in  length.  They  are  generally 
of  a  dull  black  or  grey  colour  and  have  a  covering  of  JBne  hairs 
or  scales,  which  in  some  species  form  a  pattern  on  the  elytra. 
The  antennae,  which  are  short  and  clubbed,  are  capable  of 
being  concealed  in  a  groove  under  the  pronotum.  In  some 
species  there  is  an  ocellus  situated  on  the  frontal  portion  of 
the  head.  The  head  is  more  or  less  retractile.  The  apical 
joint  of  the  antennae  of  the  males  of  some  species  is  enlarged. 

The  larvae,  generally,  are  notorious  as  being  serious  damagers 
of  dried  goods  such  as  skins,  horns,  wool,  etc.,  also  cheese  and 
bacon.  The  larvae  of  the  genus  Anihrenus,  of  which  the  adult 
beetles  frequent  flowers,  are  particularly  harmful  as  ravagers 
of  collections  of  Natural  History  specimens.  The  appearance 
of  the  larvae  is  peculiar  and  interesting,  owing  to  their  furry 
upper  surface,  which  makes  them  resemble  some  of  the 
Lepidopterous  larvae.  The  head  is  small,  with  short  antennae 
and  usually  six  ocelli  on  each  side.  The  legs  are  short,  and  the 
body  is  covered  with  a  somewhat  thin  skin,  clothed  in  places 
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with  tufts  of  long  hair.  The  larvae  of  Tiresias  serra,  which 
lives  under  loose  bark  among  cobwebs,  etc.,  has  been  described 
and  figured  by  Sharp,  who  says  that  the  three  posterior 
segments  of  its  body  bear  on  each  side  tufts  of  long  brown  hair, 
which  are  capable  of  being  raised  or  lowered  at  will.  Pupation 
takes  place  in  the  larval  skin,  which  spHts  along  the  dorsal 
surface,  but  is  not  cast  oiBE  the  pupa.  It  is  curious  to  note  that 
the  life-history  can  be  prolonged  in  every  stage  if  food  is  scarce 
or  conditions  unfavourable.  Both  larvae  and  adults  can  live 
for  some  time  without  nourishment ;  while  the  eggs  will  remain 
as  they  are  if  they  should  chance  to  be  in  a  position  not 
advantageous  to  the  larvae  on  emergence.  The  adults  are, 
as  a  rule,  comparatively  harmless. 

The  family  has  been  listed  by  Dalla  Torre  in  the  Berlin 
Catalogue. 

Fowler  describes  the  twelve  British  species. 

The  species  of  most  economic  importance  are :  Dermestes 
lardarius,  which  is  cosmopolitan  in  range  and  attacks  bacon. 
D,  vulpinus,  also  cosmopolitan,  which  destroys  hides,  etc., 
and  in  India  ravages  the  cocoons  of  silk  moths.  Anthrenus 
vorax,  in  India,  attacks  wool,  hides,  etc.  A.  scrophularice,  in 
America,  attacks  carpets  and  woollen  goods.  Trogoderma 
khapra,  in  India,  attacks  grain,  and  is  now  established  as  a  pest 
of  barley  in  England  :  the  last  is  particularly  dangerous,  as  it 
attacks  dry  grain  and  will  probably  become  cosmopolitan. 
Its  introduction  to  Australia,  the  Argentine  and  the  United 
States  will  be  a  serious  matter,  but,  in  the  absence  of  any 
precautions,  will  certainly  take  place. 

BYRRHIDiE. 

Pill  beetles. 

Oval,  very  strongly  convex.  Head  with  vertical  forehead. 
Antennae  clubbed  and  inserted  between  the  eyes.  Tarsi 
usually  five- jointed.  A  prosternal  spine  fitting  into  a 
mesosternal  cavity. 

A  family  containing  about  300  species  found  in  both  temper- 
ate and  tropical  regions. 

The  popular  name  of  **  pill  beetles  "  is  an  apt  description  of 


154 


MANUAL  OK  KNTOMC )].()( )Y 


the  Hj){)('araiic(^  of  \\w  ByrvhUy,  whrn  <m  ahiriu  Wwy  press  their 
logs  to  tlicir  IxxiieK  and  remain  motionless  :  whilv  their  colour 
often  reKemhh'8  the  ground  to  wliieh  th(\v  fall  when  disturhed. 

The  antenna*  are  thi<'kened  t(»\vards  the  apex,  forming  a 
chih,  and  are  inserted  hetwec»n  the  eyj^s.  The  head  in  all 
species  is  retractih* :  the  mouth  parts  being  alnn^st  eonef»aled 
hy  the  prosternuni.  The  l(»gs  are  short,  stout,  and  strongly 
r(»traetil(%  th(^  feni<*ra  l><»ing  provi(h»d  with  a  furrow  U>r  tlu» 
r(*eeption  ()f  the  tihia*  wlien  the  h^gs  are  retraeted.  Tlw  elytra 
cover  tlie  abdoni(»n.  Tlie  integinnent.  generally,  is  somewhat 
hard. 

Of  tin*  complete  life  history  little  is  known.  The  larva*  of  a 
f(nv  Hpi'cies  havt^  \>vvu  desc-rihed.  That  of  Jhjrrhn.'^  'pilnln^ 
a  well-known  British  siH»<'ies  e<»nsideriMi  t<i  l»r  typi<'al  of  the 
family,  is  a  cylindrieal,  soft  ereatun*.  with  a  hnutd  head,  and 
th<^  prothoraei(^  and  the  last  two  abdominal  segnunts  larger 
than  th(*  others.  'I'he  last  s(*gment  bears  a  pair  of  short 
pH(MidopodH»  The  larva  spends  part  of  its  time  under  the 
turf;  Imt'  nuty  Hometinu-s  Im*  found  on  the  surfaee.  The 
ndults  of  thegeniiH  /////v// //.v  fn*quent  roots  of  grass,  h>w  plantn 
or  mosH  on  which  they  feed.  Others  nuiy  be  found  on  the 
leaves  of  pluntn. 

Sharp  has  done  some  work  on  this  family.  A  list  (»f  the 
Hp(*eieH  by  Dalla  Torn*  will  be  fotujd  in  tlie  li<Tlin  (*ata!ogue, 
Fowler  ch»alH  with  the  twf*lve  British  hjweies.  No  meiiiiiers 
of  thin  family  nee<l  be  <*<msi<Ierf*cl  in  an  eeonoinie  asjH'et. 

Ni»sfM»K\njuiM:. 

Oval,  very  convc*x.  Head  prominent,  mcntum  larj^e. 
Antennsie  clubbed,  innerted  in  front  of  the  eyeB-  Tari^i  five- 
jointed  ;  legH  nhort,  retnictile, 

A  family  eonsisting  of  one  genus,  eontainirig  aln»ut  twenty- 
«»iglit  HiK*ei<*H.  They  are.  however,  fairly  widely  diHtributed, 
being  found  in  (Vntral  ami  North  America,  Ceylcm,  ami  nt(mt 
of  the  Kurop(»an  eountries. 

in  general  Hj>jK*aranee  th(*y  resemble  the  liyrrhiiUr,  under 
which  family  they  have  lM*en  included  by  some  atiihorH. 

Th<^y  differ  from  the  Byrrhids  in  having  the  head  j>ruminent 
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and  the  mouth-parts  somewhat  concealed  by  a  large  mentum. 
The  clubbed  antennae  are  placed  in  front  of  the  eyes  under  the 
side  margins  of  the  forehead.  The  abdomen  is  completely 
covered  by  the  elytra.  The  legs  are  short  and  retractile  and 
possess  the  grooved  femur  in  common  with  the  Byrrhids. 

It  is  in  the  larvae  that  the  chief  difference  between  the  two 
families  lies  ;  those  of  the  Nosodendrids  being  broad  and  more 
like  woodlice  in  general  appearance.  They  also  possess 
curious  stalked  spiracles  on  tubercles,  and  short,  recurved, 
lateral  processes  on  the  first  seven  abdominal  segments.  The 
longest  and  pear-shaped  eighth  segment  does  not  carry  cerci. 
The  larva  of  Nosodendron  fascicular e  has  been  described  by 
Ganglbauer. 

The  adults  have  usually  been  found  near  wounded  trees 
with  flowing  sap,  upon  which  they  presumably  feed.  N, 
mexicanvim  inhabits  more  muddy  places. 

Dalla  Torre  has  listed  the  species  in  the  Berlin  Catalogue. 
There  are  no  British  species. 

Cyathocerid^. 

Minute  insects  of  broad  form ;  parts  of  the  mouth 
concealed.  Antennae  four -jointed.  Tarsi  not  divided  into 
joints  ;  prosternum  small  (Sharp) . 

This  aberrant  family  contains  only  one  species,  which  has 
been  described  by  Sharp  as  having  the  above  features.  It  is 
found  in  Central  America.    The  life-history  is  unknown. 

GEORYSSIDiE. 

Small ,  compact .  Antennae  nine  -  j  ointed ,  last  three  forming 
a  club.   Legs  long,  tibiae  slender,  tarsi  four -jointed. 

A  family  of  one  genus  containing  about  twenty-four  species 
well  distributed  throughout  North  America,  Ceylon,  Europe, 
and  Australia. 

They  are  all  small  beetles  of  compact  build,  with  a  large, 
downwardly  deflected  head.  The  antennse  are  inserted  under 
the  sides  of  the  front  portion  of  the  head  and  bear  an  oval 
club.  The  thorax  is  closely  fitted  to  the  elytra,  which  com- 
pletely cover  the  abdomen.   The  legs  are  long  and  slender. 
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Th(^  anterior  coxa*  aro  sonu^what  pronuiirnt  uihL  byth(*ir  being 
ilatt<»ne<i  int(»  plate  Iik(*  ntruelnres  at  the*  tij),  eoneeal  the 
prosttTnnni.  The  eolouring  is  hhtek  or  dark  brown  and  the 
elytra  an*  eoars{*ly  seiilptured. 

Tlmv  habitat  is  sjuuly  or  muddy  phiees  at  the  foot  of  ehfis, 
or  sonH*tim<»s  under  stones  in  running  wattT.  'I'hey  hav(*  the 
curious  habit  of  coating  themselves  with  mud  or  san<!,  a  pro- 
<'<*eding  whieh  eauses  tliem  to  blend  well  with  tlH'ir surroundings. 
This  e(jating  is  Hai<l  by  Kriehson  to  be  retained  on  the  back  by 
th(*  aid  ()f  a  gunnny  s<»eretion.  Th(^  eharaeteristies  of  th<* 
<»arli<'r  stages  still  remain  to  )h*  disem'ered. 

A  list  of  the  speeies  by  Zait/,er  will  be  found  in  the  K(»rlin 
Catalogue. 

Then*  is  only  out*  British  speeies. 

DiiYoeinvK  (Ptn  tnilif  y  ineluding  Klm  itta ). 

Variable  form.  Head  uiiually,  retractile.  Antenna*  very 
variable.  Tar«i  elongate*  live-jointed,  la^t  joint  lari^e. 
Eye»  round,  aometimes  hairy •  Prof^ternunm  produced  in 
front  and  behind. 

A  family  containing  about  .").*>(>  speeies  f>f  fairly  wide  diHtri- 
bution,  the  greater  nunjber  being  f<iund  in  BrH/,iK  Mexic*o,  and 
Niirth  Am(*riea.    Kurope  and  India  also  have  representatives. 

These  b(*<*tk*s  Viiry  great ly  as  to  shajH*,  liut  are  small 
insects,  ustuilly  black  or  bronze  in  vu\\>\\r.  Home  are  oval,  or 
oblong»oval»  others  are  more  e)f»ngati*  and  somi*what  cylindrical. 
They  are  often  clothed  with  a  fine  pnlwscence.  The  family  is 
usually  split  up  into  two  groups  :  the  Klmintv  and  the  thtjapivw 
or  Par  urn  a\ 

Tho  head  is  smaH  nml  tisually  retractile.  1*be  antenna* 
differ  in  the*  two  groufw.  theme  of  the  Klmina  being  Ifmg*  fili- 
form or  Hcrrate,  while  in  t  he  !)rifttpina  \\wy  are  very  short ,  and 
havit  in  sonu^  cases  the  second  j<iint  dt]at<*tt«  The  eyes  are 
Mometimes  hairy.  The  cdytra  compI<*tely  cover  the  abd<tmf»n. 
The  h'gH  are  slender,  and  in  some  H}H*ei<»s  very  long.  The 
larva?  of  the  two  groups  differ  much  in  form.  Theme  of 
Dryopina  live  under  stones  in  damp  j>laces  and  are  narrow 
and  elongati*,  with  i^onui  rcHcnibhince  to  the  liirvie  of  tht* 
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Ehteridce.  Elmince  have  elongate  larvae,  oval  and  narrowing 
behind,  with  the  segments  laterally  furnished  with  long  hairs. 
The  last  segment  terminates  in  a  longish,  thin  process,  bearing 
three  sets  of  filaments,  which  are  said  to  be  used  in  respiration. 
They  inhabit  running  water,  attaching  themselves  to  stones, 
etc.,  as  do  also  the  adults,  the  pubescent  under-surface  of  their 
bodies  enabling  them  to  carry  down  a  supply  of  air.  The 
adults  of  the  Dryopince  occur  in  damp  places  under  stones,  etc. 

Kletkl  has  done  some  work  on  the  family,  and  a  list  of  the 
species  will  be  found  in  the  Berlin  Catalogue. 

The  fifteen  British  species  are  dealt  with  by  Eowler. 

HYDEOPHILID-aE. 

Size  variable,  J  mm.  to  50  mm.  long.  Antennae  six-  to 
nine-jointed,  inserted  in  front  of  eyes,  basal  joint  long, 
remainder  forming  club,  apical  joints  broadened,  fitting 
below  head.  Tarsi  five -jointed,  basal  joint  often  small. 
Maxillary  palpi  often  longer  than  antennse. 

This  is  a  large  family  containing  well  over  1,000  species. 
They  are  widely  distributed,  tropical  regions  having  a  greater 
number  of  species  than  temperate  countries. 

In  size  they  vary  greatly,  for  while  there  are  a  considerable 
number  of  small  and  minute  species,  there  are  also  many  of 
medium  size,  and  some  which  attain  a  length  of  close  on  two 
inches.  They  are  compactly  built  and  usually  oval  in  shape, 
especially  in  the  aq[uatic  forms.  Some  of  the  terrestrial  and 
sub-aquatic  species  are  oblong,  while  many  are  spherical. 
Bright  colours  are  not  seen  in  this  family,  most  of  its  members 
being  brown,  yellowish,  or  black. 

The  antennae  are  short,  with  the  apical  joints  forming  a  broad 
club,  which  is  often  pubescent.  The  maxillary  palpi  are  of 
unusual  length,  sometimes  being  longer  than  the  antennae. 
The  eyes  are  larger  and  in  some  cases  almost  divided.  The  legs 
are  long,  and  in  the  aquatic  species  are  furnished  with  swim- 
ming hairs.  The  first  tarsal  joint  is  in  some  cases  very  small. 

The  majority  of  these  beetles  are  aquatic,  living  in  ponds, 
ditches  and  streams  of  both  fresh  and  brackish  water.  Others 
are  sub-aquatic  and  terrestrial,  living  in  mud,  dung,  refuse, 
etc. ;  some  are  found  under  the  bark  of  trees. 
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The  earlier  stages  of  some  of  the  aquatic  species  are  known. 
Miall,  in  his  Aquatic  Insects,  gives  an  excellent  account  of  the 
life-histories  of  Hydrophilus  piceus  and  Hydrobius  fuscipes. 
The  eggs  are  neatly  packed  in  a  case  fitted  with  a  mast-like 
structure  and  attached  to  an  aquatic  plant  at  the  surface  of 
the  water  or  floating  free.  The  larvae,  which  resemble  some- 
what those  of  the  Dytiscids,  are  elongate,  tapering  sharply 
toward  the  apex.  The  mandibles  are  smaller  than  those  of 
the  Dytiscids,  and  the  larvae,  although  carnivorous,  are  less 
rapacious.  Pupation  takes  place  in  damp  earth  near  water. 
The  larvae  have  spiracles  at  the  apex  of  the  body,  through  which 
the  air  supply  is  obtained.  The  larvae  of  other  aquatic  species 
vary  much  in  form.    The  adults  are  principally  herbivorous. 

The  sub-aquatic  and  terrestrial  species,  which  belong  to  the 
sub-family  Sphceridiince,  are  herbivorous  in  both  larval  and 
adult  stages,  acting  in  many  cases  as  scavengers  of  decom- 
posing vegetable  matter.  Their  larvae  are  very  unlike  those 
of  their  aquatic  relations,  being  grub-like  and  practically  desti- 
tute of  legs.  They  are  found  in  the  roots  of  grass,  in  refuse, 
in  moss,  in  the  dung  of  herbivorous  animals,  under  stones  in 
damp  places,  etc. 

Schiodte  has  figured  and  described  the  larvae  of  many  species 
(1861-1873).  Fowler  has  described  the  larvae  and  habits  of 
several  of  the  British  species.  Regimbart  also  has  described 
many  species.   The  British  species  number  ninety-seven. 

Helophoms  rugosus  may  do  a  certain  amount  of  damage  to 
the  roots  of  cruciferous  crops,  such  as  turnips ;  but  it  has  also 
been  found  feeding  on  the  larvae  of  Ceutorrhynchus,  a  species 
of  weevil,  which  forms  galls  in  turnips. 

Heteroceridje. 

Small,  densely  pubescent.  Antennae  with  seven -jointed 
club.  Head  large,  sunk  into  pro  thorax  as  far  as  eyes. 
Labrum  and  mandibles  projecting  forward.  Tarsi  four- 
jointed  ;  legs  armed  with  spurs. 

A  family  of  one  genus,  comprising  some  100  species  which 
have  a  wide  distribution,  the  majority,  however,  inhabiting 
temperate  regions.  India,  Cuba,  and  Australia  have  a  few 
representatives. 
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They  average  in  size  about  5  mm.,  and  are  oblong-oval  in 
shape.  They  are  clothed  with  a  greyish  pubescence,  amongst 
which  longer  hairs  are  dispersed.  The  elytra  are  often  marked 
with  red  or  yellowish  bands  or  spots. 

The  head  is  large,  the  fore  part  rather  prominent,  while  the 
basal  part  is  sunk  into  the  thorax  as  far  as  the  eyes,  which  are 
half  concealed.  The  antennae  are  short  and  from  the  third 
joint  gradually  thicken  into  an  oblong  club.  The  thorax  is 
well  defined  and  does  not  fit  very  closely  to  the  elytra  which 
completely  cover  the  abdomen.  The  legs  are  moderately 
long  and  stoutly  built,  the  tibiae  being  broad,  toothed  and  well 
adapted  for  burrowing.  The  tarsi,  which  by  some  authors  are 
said  to  be  five-jointed,  are  capable  of  being  doubled  back 
against  the  tibiae  when  digging  operations  are  in  progress. 
The  abdomen  possesses  at  its  base  on  each  side  a  raised,  curved 
line  against  which  the  posterior  femora  are  said  to  rub,  pro- 
ducing a  sound,  on  occasion  of  alarm. 

The  larvae  are  of  curious  form,  having  a  large  head  with  well- 
developed  mandibles  and  small  eyes ;  a  thorax  which  greatly 
exceeds  the  head  in  width,  and  an  abdomen  much  narrower 
than  the  thorax,  with  a  slight  taper  towards  the  apex,  which 
bears  a  small  pseudopod.  The  legs  are  short.  The  entire 
surface  is  thickly  pubescent. 

Both  larvae  and  adults  live  by  ponds,  ditches,  or  streams, 
where  they  excavate  galleries  in  the  soft  mud.  Their  move- 
ments are  somewhat  sluggish ;  but  they  will  sometimes  fly  if 
disturbed.  They  are  presumed  to  be  predaceous ;  but  it  is 
also  thought  that  they  live  on  the  mud  of  their  burrows. 

A  list  of  the  species  will  be  found  in  the  Berlin  Catalogue. 
There  are  eight  British  species  dealt  with  by  Fowler. 

(c)  SERRICORNIA 

DASCiLLiBiE]  {Pse]phenid(B,  Cyphonidce). 

Antennae  usually  serrate,  eleven -jointed,  in  front  of  eyes. 
Tarsi  five -jointed.  Anterior  coxae  with  large,  distinct 
trochantin. 

A  small  family  of  wide  distribution. 

These  beetles  are  from  small  to  moderate  size,  oblong-oval 
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in  shape,  dull  of  colouring,  and  often  clothed  with  a  thick 
pubescence. 

The  antennae  are  as  a  rule  serrate  and  inserted  just  in  front 
of  the  eyes.  The  mouth-parts  are  rather  peculiar,  inasmuch 
as  the  outer  lobe  of  the  maxillae  is  divided  into  two  long  lacinise 
which  project  beyond  the  inner  lobe.  The  labium  also  is 
divided.  The  legs  are  of  moderate  length,  and  the  anterior  coxae 
have  quite  a  distinct  trochantin.  The  tarsi  are  in  some  cases 
provided  beneath  with  membranous  lobes. 

The  larva  of  Dascillus,  as  described  by  Gahan,  is  short, 
broad,  and  somewhat  stout,  narrowing  slightly  towards  the 
apex.  It  has  a  large  head  with  strong  mandibles  well  adapted 
for  crushing.  The  four-jointed  antennae  are  short.  The 
legs  are  fairly  long.  It  is  believed  to  live  under  the  ground 
in  the  roots  of  plants.  The  adult  insect  is  usually  found  on 
flowers,  Umbelliferae  in  particular. 

The  family  has  been  listed  by  Pic  in  the  Berlin  Catalogue. 
There  is  only  one  British  species. 

Helodid^. 

Small,  delicate,  soft  integument.  Antennae  filiform, 
slender.  No  trochantin  on  anterior  coxae.  Larvae  have  long 
antennae. 

A  family  of  some  500  known  species,  found  in  most  parts 
of  the  world. 

These  beetles  are  small,  oblong-oval  in  shape  and  usually 
of  a  pale  or  brownish  testaceous.  They  are  often  pubescent. 
The  head  is  of  moderate  size ;  the  eyes  prominent  and  the 
antennae  filiform,  except  in  the  males  of  a  few  species,  in  which 
they  are  serrate.  The  mandibles  are  in  some  cases  curved  and 
pointed,  in  others  short  and  blunt.  The  elytra  cover  the 
abdomen  and,  as  is  the  case  with  the  whole  integument,  are 
of  flimsy  structure.  The  anterior  coxae,  unlike  those  of  the 
Dascillidce,  to  which  this  family  is  allied,  do  not  possess  a 
trochantia.  The  posterior  legs  of  some  species  are  formed  for 
leaping. 

The  larvae,  which  are  short,  broad,  and  somewhat  onisciform 
in  appearance,  have  antennae  which  are  in  nearly  all  cases  long 
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and  many  jointed.  The  legs  are  short.  The  sides  of  the  body- 
are  fringed  with  short  cilia.  The  larvae  of  the  genus  Helodes, 
which  hve  on  aquatic  plants,  only  possess  abdonciinal  spiracles 
and  breathe  by  taking  down  a  bubble  of  air  at  the  posterior 
end  of  the  body.  The  larvae  of  all  species  are  more  or  less 
aquatic,  some  living  on  bushes  over  streams  and  entering  the 
water  on  occasion,  others  being  found  in  the  water  accumulated 
in  the  hoUows  of  trees.  Some  species  are  considered  to  be 
carnivorous.  The  adults  are  chiefly  found  on  herbage  in 
marshy  places. 

Tournier  has  described  some  of  the  larval  habits,  and  a  list 
of  the  species  will  be  found  in  the  Berhn  Catalogue.  Fowler 
mentions  the  fourteen  British  species.  The  family  is  not  of 
economic  interest. 

E/HIPICERIDiE3. 

Large.  Antennae  flabellate,  or  pectinate  in  males.  Tarsi 
five  -  jointed ,  setaceous  onychium .  Anterior  coxae  contiguous , 
with  a  trochantin  ;  intermediate  pairs  separate. 

A  family  of  some  200  species  widely  distributed  throughout 
tropical  countries. 

They  are  all  large  fine-looking  insects,  elongate  in  shape  and 
easily  recognizable  by  theit  conspicuous  antennae.  The  head 
is  large  and  the  eyes  fairly  prominent.  The  antennae  of  the 
males  bear  very  long  processes  and  in  some  species  have  a  great 
many  joints ;  the  females  have  serrate  antennae.  The  abdomen 
is  entirely  covered  by  the  elytra.  The  anterior  coxae  bear  a 
large  trochantin.  The  five- jointed  tarsi  have  a  broad,  hairy 
onychium  extending  between  the  claws. 

Little  is  known  as  to  the  life-history.  Schiodte  has  described 
the  larva  of  one  species,  Callirhipis  dejeani,  as  being  much 
larger  than  the  adult  insect,  cylindrical,  with  a  curiously 
truncate  apical  segment.  It  is  said  to  live  in  wood.  The 
adult  insects  are  found  on  plants,  trees,  etc. ;  the  species  of 
the  genus  Sandalus  are  said  to  frequent  cedars. 

Leconte  and  Horn  have  made  observations  of  several  species, 
and  the  family  has  been  listed  by  Csiki  in  the  Berlin  Catalogue. 
There  are  no  British  species. 
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( !  A  N  T  H  A  It  n )  .K  i  7  UU'i>h(yn(l(f ' ,  M  a  lacod  (nn  id  a:) . 

Usually  elonftute.  Body  loosely  jointed,  Antennie  usually 
filiform  or  serrate,  eleven-jointed.  Tarsi  five-jointed. 
Seven  or  eiftht  visible  stemites.  Trochantins  of  fore  coxae 
distinct.   Some  females  w^ingless. 

This  family  is  iua<i<»  up  of  four  groups:  Xhv  Ltfr'uHt\lMm  pyrin  (i\ 
(Uintharlfurnml  I>rilin(i\  which  an*  couHidcn^d  by  i<<un<»  aut  horn 
to  bo  separate  fannlirs ;  hut  it  .sr<»ins  mon*  nNisonahh*  to 
phu^(*  i\mn  \i\u\i'V  <mv  heading.  Sharp  (•iaH^ic**^  thfin  togrtlicr 
under  I  hc  iianio  MalanHlfrntidtt .  'V\u*  <c>tal  nuinhcr  <jf  HjM»('i<'H 
as  at  priwnt  known  anjounts  to  ov<*r  3.000.  Thoy  have  a 
wi<h*  (list rihut ion  in  holh  tnnperatf*  and  tropical  ri'^ions.  The 
nuijority  of  the  /w/r/////  hclcai|j:  to  th(*  tropics,  an  do  pcrluips 
the  greater  port  if  m  of  the  iMmpyrimt  and  hrilinti  \  the  (*mi- 
iharintt'  chiefly  inhabit  tcniperati*  coiuitri(*H. 

Th<»y  vary  in  length  up  to  al»ont  three  <piHrt<»rs  f»f  an  inch, 
and  an^ill  more  or  less  el(»ngate,  with  s<ift  integtunent.  and 
as  a  rule  ipnetly  <'<doured,  although  (piiti*  a  number  of  Hpi*ci<»H 
are  bright  red  or  yellow.  A  Hat  tened  form  of  bfKiy  is  charHet(*r~ 
ist5(^  of  them.  The  head  is  usually  S()mewhat  eoneeided  by 
the  [)ronotunj.  and  carries  eleverj  jointed  antenna*.  gen(*rully 
filiform  or  serrate,  Imt  in  some  eases  flabidlate  or  plumose. 
The  nuindibles  an*  of  tlif*  predaeeous  tyfM*.  hut  not  very  strcuig. 
Then*  is  a  large,  rather  flat  pronotum,  which  nearly  conceals 
the  h<*ad  and  loosely  (its  the  elytra,  which  are  \v<*ak  an<l  ra»t 
cl{»sely  ailapted  to  the  abilonien.  There  are  seven  or  eight 
visilde  ventral  segtnents.  'I*he  legn  an*  motlerately  long  and 
sh^nder,  with  five  jointed  Xnr^},  The  femalis  of  a  numbi*r  of 
HjH*eieH  have  n<*ithi*r  wings  nor  <»lytra.  and  remain  larviform, 
in  Hucli  easi^H  often  !«*ing  hunintuis.  Many  <»f  the  maI«*H  have 
much  larger  eyes  than  thf*  fentah»s. 

The  Lifcinw  in  nuiny  eases  liave  dilated  and  leaf  like  f*Iytra. 
They  are  found  most  commonly  on  the  flowers  and  leaves  of 
plarits.  Tlje  larva*  are  flat,  narrowing  in  frord  and  liehind, 
witli  Hh<irt  thoracic  legs  am!  a  chitinous  apical  segm<»nt  ti*rmin» 
ating  in  two  horny,  curvetl  prfK-esses.  Both  larvie  and  adults 
are  earnivon>us. 

The  JAimpt/nntt  are  noctarna!  and  generally  found  in  grans 
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and  low  herbage.  The  weU-known  "glow  worms  "  are  con- 
tained in  this  group.  The  males,  which  attain  to  ordinary 
beetle-shape,  are  not  remarkable,  except  that  many  of  them 
possess  to  a  greater  or  less  degree  the  power  of  giving  light. 
The  females,  however,  remain  larvif orm,  so  much  so  that  it  is 
often  difficult  to  distinguish  the  larvae  from  adult  females.  The 
''glow"  shed  by  the  females  emanates  from  the  underside 
of  the  apex  of  the  abdomen,  and  is  sometimes  very  bright. 
Its  function  is  presumably  to  serve  as  an  attraction  to  the 
males .  The  Lampyrince  are  carnivorous,  many  of  them  feeding 
on  snails. 

The  Cantharince  are  all  narrow,  elongate  insects,  with  deli- 
cate integument.  Both  the  sexes  attain  true  beetle  form. 
The  genus  Cantharis  contains  the  well-known  soldier 
beetles"  which  may  be  seen  during  the  greater  part  of  the 
summer,  resting  on  plants  and  flower-heads,  particularly  the 
Umbelliferse.  The  larvse  are  elongate  and  velvety,  with  a 
flattish  head  and  short  antennse.  There  is  a  sort  of  proleg 
on  the  anal  segment,  but  no  cerci.  Both  larvae  and  adults 
are  carnivorous.  The  larvae  live  in  grass  or  under  loose 
bark.    {Cantharince  are  usually  known  as  TeUfhorince,) 

The  Drilince  are  somewhat  small  insects.  The  female  of 
Drilus  flavescens  is  a  long,  larviform,  hairy  creature  with 
twelve  segments,  the  last  terminated  by  a  round  appendage 
and  two  short  processes.  The  male  is  much  smaller  than  the 
female,  and  has  long,  pectinate  antennae.  The  larva  is  very 
much  like  the  female ;  it  eats  snails,  pupating  in  the  empty 
shells. 

The  Lampyrince  and  Drilince  have  been  listed  as  separate 
famihes  by  Olivier  in  the  Berlin  Catalogue,  and  the  former 
was  monographed  by  the  same  author  in  Oen.  Ins.  Fasc.  53 
(1907).  A  paper  has  been  written  on  the  Drilince  by  Bayford, 
1906.  There  are  also  papers  by  Gorham,  Bourgois,  and 
Waterhouse. 

The  British  species  number  fifty-nine,  and  are  listed  by 
Fowler. 

No  members  of  this  family  have  been  recorded  as  pests. 
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Melyrid^e. 

Like  Cantharidae,  but  abdomen  with  only  six  sternites. 
Claws  often  furnished  with  a  membranous  appendage 
beneath. 

This  family  contains  a  large  number  of  species  of  wide 
distribution,  although  chiefly  in  temperate  regions. 

They  are  variable  in  shape,  some  being  rather  short  and 
broad,  while  others  are  much  longer  and  narrow.  Usually 
their  colouring  is  bright,  blue  or  green  with  red  or  orange 
markings  being  characteristic. 

The  head  is  of  moderate  size  and  is  well  produced  in  front 
of  the  eyes.  The  antennae,  which  are  either  filiform  or  serrate, 
are  inserted  on  the  sides  of  the  frontal  part,  except  in  the  genus 
Malachius,  in  which  they  are  more  between  the  eyes.  There 
is  quite  a  distinct  labrum.  The  members  of  the  sub-family 
Malachiince  possess  curious,  fleshy  vesicles  at  the  sides  of  the 
thorax  and  abdomen :  these  vesicles  are  capable  of  being 
extended  and  contracted  and  it  is  probable  they  emit  an 
offensive  odour.  The  elytra  of  some  species  cover  the  abdomen 
while  in  others  the  apex  is  left  slightly  exposed.  The  abdomen 
has  only  six  visible  ventral  segments,  which  character  forms  a 
distinguishing  feature  between  this  and  the  preceding  family. 
The  legs  are  long  and  slender  and  are  provided  beneath  the 
claws  with  a  membranous  lobe  or  pad-like  appendage.  The 
integument  is  as  a  rule  weak,  but  tends  to  hardness  in  some 
forms.  The  larvae  of  several  species  have  been  described  by 
Perris.  They  are  all  much  alike,  elongate  and  sublinear, 
slightly  narrowed  in  front  and  behind,  with  a  rather  long, 
narrow,  hairy  head  and  single  long  setae  at  the  sides  of  the 
abdominal  segments.  The  legs  are  comparatively  long.  The 
head  and  the  last  segment,  which  terminates  in  two  chitinous 
and  somewhat  hooked  processes,  are  dark,  while  the  ground 
colour  of  the  rest  of  the  body  is  pale  or  livid  rose  with  spots 
or  patches  on  the  front  parts. 

The  adults  frequent  flowers  with  the  exception  of  a  few 
species  which  live  in  rotting  wood.  There  seems  to  be  some 
doubt  as  to  their  food  habits  ;  but  it  is  probable  they  are  carni- 
vorous, although  they  are  said  in  some  cases  to  consume  parts 
of  flowers.    Fowler  lists  eighteen  British  species. 
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Clerid.k. 

Antennae  clubbed,  dentate  or  flabellate.  Tarsi  five -jointed , 
joints  two  to  four  furnished  with  lamelloe.  Head  and  thorax 
narrower  than  elytra.    Body  cylindrical,  sides  parallel. 

A  large  family  of  over  2,()()()  specic^H,  the  majority  of  whiVh 
are  found  in  tropical  countries,  although  ihvrv  nrv  a  con.sidi^r- 
able  number  of  representativ(^H  in  temp(7'ate  regions. 

These  beetles  show  mucli  variation  in  shai)e,  eolour  and  Hiy;(s 
some  being  short  and  mcxhratc^ly  broad,  whih*  others  ar<»  long 
and  narrow.  They  are  all  somewhat  small.  As  regards 
colour,  althougli  a  few  sjx'eies  an*  somewhat  dull  and  obscure 
in  appearance,  by  far  the  greater  numlxT  are  brigld  ly  eoIoure<i, 
many  showing  a  warning  lyfH*  of  eoloration,  wliile  oth<TK 
very  successfully  mimic  other  insects. 

The  head  and  eyc^s  ar<»  f)romin(»nt  ;  \lw  arit<'nna»  of  some 
species  are  sim})le  ;  t)ut  in  otiiers  may  be  <'lubb<*d,  serrate  or 
flabellate  :  th(\y  an*  inserted  laterally  on  the  front  porlicni  of 
the  head.  The  prothorax  is  diHlinei.  Thv  elytra  are  nmeh 
broader  than  th(*  h<'ad  and  thorax  an<l  ecmipletely  cover  i}w 
abdomen.  Wings  ar<»  functional  and  often  used.  The  legs 
are  moderately  long  and  built  for  running.  They  are  fur 
nished  beneath  the  2  4  tarsal  joints  with  memhranouH 
appendages. 

The  larva*  of  th<*s<»  Ihh^Uvh  an*  elongate*  and  as  a  rule  reddish 
brown  or  pinkish  witli  various  markings.    They  are  usually 
fairly  pubescent  and  have  (corneous  phdvH  on  tlie  thorax 
and  kst  abdominal  s(*gnient,  whieh  last  ofUni  hears  tM<»  short, 
projecting  processes  and  a  short  anal  apfH*ndage, 

The  adults  arc  found  in  various  situnttcms  :  on  flowers,  grass, 
tree-trunks,  etc.,  in  carcasses  and  amongst  <lri<*<l  animal  matt <*r. 
8ome  are  preda(;eous  on  other  ins<*cts.  Tlie  larva*  are  also 
predac<iouH  and  very  active,  many  spe(!i(*H  prvyin^  on  the 
larvoD  of  wood-boring  insects,  particularly  the  Anobiifls  and 
Scolytids,  entering  the  burrows  to  reach  them.  The  larva* 
of  Trichode^  are  known  to  destroy  the  larva*  of  various  bees. 
Locust  egg-masses  also  are  paraHiti7,(*d  by  som(*  sf>i*eieH, 

The  family  has  hem  monographed  by  Sc!hf*nkling  in  the 
Oenera  Inseciorum,  Fasc.  13  ;  it  has  h<*en  listerl  in  the 
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BitHu  ( 'alalogiic.    'PluTt*  an*  tmly  ninv   British  spi^cic-h  as 

Xvrrohin  ntjipfs  is  said  t<»  Im*  dchtruclivf*  to  dry  animal 
inattcT  in  houses,  and  A*,  rajinfllis  attacks  dricci  fish  in  India. 


I^YMKXVhoNlDj;. 

Elongate.  Antenna*  Ion^»  Hcrrate  or  i^ub-tiliform^  eleven- 
jointed.  LeftH  slender  ;  tarni  five-jointed,  illiform,  first  and 
fifth  joints  longest.    Integument  «oft. 

A  family  of  from  thirty  to  forty  sfxrii's  on-tuTing  in  most 
parts  of  tho  world. 

They  an*  rlon^^ate,  narrow  insects,  in  cftlour  black  or  l>rown 
ti'st acinous.  Some  species  c*xhihit  a  most  ahnornial  form  <if 
( 'ohH>[)tera. 

The  head  is  of  moderate  .-size  ;  the  shi>rt  antenna'  an*  inserted 
on  tin*  si<lcs  and  arc*  usually  suh  lihform  in  the  nude  and  serrate 
in  the  female.  Tiic  maxillary  palpi  of  the  mali^  are  curious, 
hein^  lar^<»  and  fhigellate.  The  h»gs  are  id  mothrate  h^nji^th 
and  slender,  with  the  tarsi  longer  tiian  the  tibia*.  Thf*  elytra 
of  m<»st  species  m<^re  or  less  cover  the  abdrmien  ;  f»ul  in  the 
genus  AtrartiHurufi  ihvy  an*  very  truncate,  th<*  larifie  wings  not 
being  fohh'^l,  but  exteuflin^  out  on  each  sicle.  llsnalty  there 
are  six  visible  st ernites  ;  the  sju  cies  of  AtmrtiHrnts  have  eight. 
The  integument  generally  is  soft. 

Th<?  hirva»  an*  ctirtous  in  Ijaving  the  prothoracir  i^egnient 
i*nlarge<l  and  nused  intti  a  sf>rt  f>f  hump.  The  last  segnu»nt 
in  some  s|M*cies  has  a  long,  pointed  process*  nnd  in  others  u 
curifius  lobe  likt*  struc'ttire. 

Both  larvie  and  adults  frequent  timber,  boring  cylintlrical 
tmmels  through  tlie  wo(wb  Lijitirrijlmi  immU  hm  been  known 
to  damage  ships'  timbern  in  this  way,  am!  \h  found  in  pik*s  in 
water. 

Lamc«*re  has  done  sotne  work  of  note  on  this  family,  which 
has  hiH*n  listed  in  the*  lierlin  C  atalogui*. 
Then*  an*  two  Britisli  sjH»cies. 
The  family  is  not  of  ectmoniic*  im|H>rtance. 
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Anobiid^  (Ptinidce), 

Antennae  nine-  to  eleven -jointed,  often  with  feeble,  three - 
jointed  club.  Tarsi  five-jointed,  first  joint  longer  than  the 
second.   Head  retractile  into  pro  thorax. 

A  family  of  some  1,400  widely  distributed  species,  some 
species  being  almost  cosmopolitan.  In  some  classifications 
the  ATbobiidce  and  Ptinidce  are  placed  as  separate  families ; 
but  it  is  difficult  to  say  where  the  distinction  lies. 

They  are  all  small  beetles,  but  vary  somewhat  in  shape,  from 
oval-oblong  to  cylindrical  and  globular.  The  majority  are 
obscurely  coloured  and  pubescent ;  others  are  glabrous  and 
shining. 

The  antennae  are  variable,  being  long  and  filiform  and 
inserted  on  the  frons  in  the  Ptinids,  and  shorter,  serrate,  or 
sometimes  feebly  clubbed,  and  inserted  on  the  margins  of  the 
eyes  in  the  Anobiids.  The  head  is  in  many  cases  retractile 
into  the  prothorax  ;  but  in  some  species  it  is  broader  than  the 
thorax.  The  elytra  cover  the  abdomen,  which  has  five 
visible  ventral  segments.  The  legs  are  long,  with  five-jointed 
tarsi. 

The  larvae  of  both  groups  have  much  the  same  appearance, 
and  are  small,  whitish,  fleshy  grubs,  with  curved  bodies, 
causing  them  to  resemble  Lamellicorn  larvae.  They  have 
short  antennae  and  three  pairs  of  short  legs.  The  habits  of 
many  of  the  larvae  are  of  economic  interest  inasmuch  as  they 
bore  into  timber,  furniture,  and  devour  dried  farinaceous 
matter,  books,  drugs,  tobacco,  etc.  They  bore  long  tunnels, 
doing  much  damage,  and  pupate  in  cocoons  in  the  tunnels. 
The  larvae  and  adults  of  many  species  live  in  decayiag  wood, 
while  others  are  found  among  seeds  or  in  vegetable  or  animal 
matter. 

Pic  lists  the  species  of  the  Anobiidce  and  the  Ptinidce  as 
separate  families  in  the  Berlin  Catalogue. 
The  thirty-one  British  species  are  dealt  with  by  Fowler, 
Among  the  Anobiids  there  are  several  of  economic  import- 
ance. Anobium  striatum  is  the  well-known  death  watch  " 
beetle  which  lives  in  old  furniture  and  makes  the  clicking 
noise  which  has  given  rise  to  various  superstitions.  A. 


108 


MANTAL  OF  ICNTOMOUHJV 


panicemti  in  a  coHinoix^litan  ins<'<'t  (K'c-urrinjj;  in  broad .hisniits, 
an<l  (HUJasionally  in  nkitis.  Xc^ifahinm  tissvlhttum  (1<h*s  scriouK 
(lamag(*  by  h<>n<\V('<>nil>ing  the  iH'anis  and  rafters  old  huild-^ 
ingH.  iMsiiHlvrma  tvstavra,  in  both  larval  and  adtdt  .stug<*8, 
d<M»s  Tuurh  daniag('  to  currcl  tobacco  in  all  forniK. 

(Cylindrical.  Head  usually  deftexed,  covered  by  the  hood- 
Hhapod  pronotum.  Antenna*  eleven -jointed,  with  three- 
jointed  club.  Tarai  five-jointed»  hafial  joint  nmall,  necond 
and  fifth  lonft.  Tibial  8pur8  distinct.  Five  equal  visible 
sternites. 

Sonin  2<K)  H{H*ci<'S  an*  containrfl  in  this  family,  ubicli  has  a 
wi(b^  dintribution  thrf>tigbfnit  the  world. 

In  M'w  tht*  >i{>ccics  vary  grratly,  for  although  tin*  njajority 
an*  Homcvvhat  Hinali  iuHCTts*  othcrn  ari»  known  to  attain  tin* 
length  f>f  two  inehi'H,  They  renernl^h*  tht*  *SVo////iV/i#\  binng 
oWong  and  <\vlindriea!  in  form.  Their  colouring  in  rhili  black 
or  dark  brown.    Some  HjH'cieH  nn*  slightly  jnibchcent. 

Th<*  head  in,  in  nearly  all  cancH.  th»Hex<Ml,  and  covercfl  by  the 
curiouH,  hood  nhajM^d  prc»notiuii.  The  antenna*  an*  nhort, 
with  a  thre<^-j<»inte<l  club,  but  are  not  i*lbowi*d.  The  mouth- 
partH  are  well  develojM'd*  with  ntrong  mandibIi*K.  In  nomi^ 
sp(H^ii»H  thf*  front  of  the  pronotum  ih  toothful  or  roughetied, 
Th(*  \i\n*x  i}f  the  abdomen  in  nome  caM'H  in  rounded  ;  but  in 
<»therH  it  t4*rminaicH  in  a  flat  hIojh*  <tn  which  an*  hard  tuberclen. 
Th<*  legK  an*  nhuri,  with thefemtirandtibia?^fmu*whHt  broadened. 
The  tibia'  bf»ar  dintinct  ^pincw.  The  tarni  an*  fiv«*  jointi'd.  tlK5 
firnt  joint  binng  small  and  in  wmu*  caH'H  very  niinuii'. 

Tlie  larva*  are  noft  and  wliite,  tai>f*ring  Hljghtly  towards  the 
ajK»x,  which  in  <'tirh*d  round  unth'rneath.  They  have  ntrong 
man<libh^H  and  w<*Il  clinH*lojN*d  legn.  which  Ia«t  in  a  feature 
abnent  in  the  »S<'olytid  Inrvir.    Kyen  are  wanting* 

Botii  larva*  and  adults  live  in  wood,  boring  tunnels  and 
f(»eding  on  the  wood.  Thr*  larva*  pupate  in  the  tunnels,  but 
do  not  make  a  ecK^cwm.  The  length  f>f  the  life  hij^tory  varies 
fi^eonling  to  climate^  hh  many  an  thriN*  brocKln  a  year  being 
gone  through  in  tropical  region^*. 
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The  beetles  are  subject  to  attack  from  other  beetles,  which 
seek  them  out  in  their  tunnels.  Some  species  of  Histerids 
and  Clerids  are  foremost  among  the  attackers  :  a  Colydiid  has 
also  been  known  to  prey  on  them. 

The  family  has  been  monographed  by  Lesne,  1903. 

Fowler  hsts  the  three  British  species,  one  of  which  occurs 
in  old  flour,  biscuits,  and  casks,  etc.,  probably  having  been 
imported.   The  other  two  are  extremely  rare. 

Several  of  these  beetles  are  serious  pests,  inasmuch  as  they 
attack  cut  timber  and  dried  wood.  Considerable  damage  is 
done  by  bamboo-boring  species  in  the  tropics.  Bhizopertha 
pusilla,  an  almost  cosmopolitan  species,  is  a  household  pest 
in  grain,  biscuits,  etc.  The  other  genera  containing  economic 
species  are  :  Apate,  which  attacks  the  Avocado  Pear ;  Xylo- 
pertha,  which  attacks  cacao  and  fig ;  Bostrichus,  pests  of  vine 
and  orange ;  and  Sinoxylon  in  apple,  peach,  etc. 

Lyctidjb. 

Like  Bostrychidae  ;  but  club  of  antennae  two -jointed. 
First  sternite  elongate. 

This  is  a  small  but  widely  distributed  family. 

They  are  narrow,  elongate  insects,  somewhat  depressed  on 
the  upper  surface.  Their  colouring  is  dark  brown,  yellowish 
brown,  or  blackish. 

They  are  closely  related  to  the  Bostrychidce,  but  differ  in 
having  a  two- jointed  antennal  club,  and  the  &r&t  ventral 
segment  of  the  abdomen  elongate.  The  head  is  of  moderate 
size,  the  eyes  are  prominent,  and  the  antennae  are  short,  with 
the  club  only  two-jointed.  The  mandibles  are  well  developed. 
The  elytra  completely  cover  the  abdomen.  The  legs  are  slender 
with  five-jointed  tarsi,  which,  like  the  Bostrychids,  have  the 
first  joint  very  small.  There  are  distinct  tibial  spmrs.  The 
upper  surface  is  more  or  less  pubescent. 

Altson  has  recently  published  work  on  Lyctus,  and  has 
shown  that  in  development  only  part  of  the  egg  is  ab- 
sorbed, the  larva  eating  the  balance  of  the  yolk  as  its  first 
meal. 

The  larvae  are  very  similar  to  those  of  the  Bostrychids.  They 
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live  in  wood,  particularly  <>I<i  stunif»s,  (>o>ts,  (*t('.,  and  arc  also 
ofUm  found  in  l)oth  freshly  cut  and  worked  tinihcr.  csiH*cially 
hard  woods  hurh  as  mahogany  and  wahnit.  They  vnivv  th(* 
timber  f)y  one  of  the  workefl  ends  and  tunnel  scune  <li8tunc(* 
in,  leaving  the*  Itnuiels  blocked  up  behind  them.  In  thin 
country  c)nly  on<»  brood  a  year  is  gone  througli.  l^ameen*  hus 
(lonc^  sonu*  work  on  this  family.  Fowler  lists  the  two 
British  species. 

Th(*s<*  b(M'11es  often  di>  s<*rious  danuige  to  st<in*<i  and  worked 
timber,  such  as  posts  and  beams,  and  th(*  handles  of  sliovels, 
picks,  etc.  'I'hey  are  consideretl  to  be  some  of  tb«*  m<»st  harm- 
ful of  timber  {K'sts. 

Si'iUNonM; 

Minute.  Ohlonii  or  j^lobiihir.  Antenna*  (en-jointed,  first 
two  jointH  thickened »  hiHt  joints  forminji  elongate  dub. 
Tarni  heteromeroun.  Five  free  vinihle  HterniteH,  the  first 
larf^eBt. 

A  family  of  only  a  very  feu  specie^**  found  in  North  America 
and  KurojM\ 

They  are  very  small  obscurely  coh»ttn  d  l<eetles,  idilong  and 
somewhat  cylindrical  in  sha}M\  in  general  apjM'arance  resembling 
t  h<^  (HoUUi , 

T\wy  have*  rather  short  hea«!s  priiduiM-d  in  front  of  the  eyes 
and  l>earing  antenme  which  have  an  elongate  club  fornii*d  by 
tl)e  last  tlirei*  segments.  Hie  eyes  are  somewhat  promin<*ni. 
Tho  elytra  completely  cover  th«»  abthimen.  The  legs  are 
slender  and  <»f  mofhTate  length,  with  live  jointed  tarsi  on  the 
fr<»nt  aud  mid<Ue  legs  and  four  jttintetl  in  mo^t  eases  on  the 
hind  pair,  this  being  a  characteristic,  separating  from  the 
i'midtr. 

T\w  larva*  are  elongati*  with  f-hort  legs  and  shf*rt  ant<*nna». 
The  segments  bear  lateral  hairs.  The  pupa  of  SphiuHuH  duhiuM 
has  a  long,  narrrm  .  tat!  like  process,  lioth  stages  are  found  in 
fKm'dery  fmigi  on  trees. 

Horn  has  doni*  some  Wf»rk  on  this  family. 

Th<*re  is  only  om*  British  s|Hciis,  thi'  above-mentioned 
HphmduH  dubinH, 
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ClOID^. 

Minute ,  Cylindrical .  Antennae  eight-  to  ten -jointed ,  with 
three-jointed  club.  Tarsi  usually  four -jointed,  the  first 
small  and  the  last  long. 

A  widely  distributed  family  of  between  200  to  300  species. 

They  are  cylindrical  and  very  small,  generally  dark  brown 
or  yellowish  in  colour. 

The  head  and  anterior  portion  of  the  thorax  of  the  males  is 
often  furnished  with  small,  horn-like  processes.  The  antennae 
are  inserted  under  the  margins  of  the  forehead.  The  elytra 
completely  cover  the  abdomen.  The  legs  are  rather  short ; 
the  last  joint  of  the  tarsi  is  much  longer  than  the  first  three 
together.    Generally  the  thorax  and  elytra  are  pubescent. 

The  larvae  are  white,  cylindrical  and  somewhat  curved,  the 
last  segment  bearing  a  pair  of  short  hooks  and  also  a  short 
process  acting  as  a  pro-leg.  The  thoracic  legs  are  long.  The 
pupa  also  possesses  the  curved  apical  spines. 

Both  larvae  and  adults  live  in  corky  fungous  growths  or  in 
decaying,  fungoid  wood. 

A  list  of  the  species  can  be  found  in  the  Berlin  Catalogue, 
Part  30.   Fowler  deals  with  twenty-one  British  species. 

BUPRESTID^. 

Mostly  brilliantly  metallic.  Head  short,  vertical. 
Antennae  short,  serrate,  eleven-jointed.  Tarsi  five-jointed, 
basal  four  with  pads.  Prosternum  produced  back  into 
mesosternum.   First  two  sternites  connate. 

A  large  family  of  some  5,000  species,  widely  distributed 
throughout  the  world,  by  far  the  greater  number,  however, 
occurring  in  tropical  regions,  the  smaller  and  less  conspicuous 
being  found  in  temperate  countries. 

They  are  all  elongate  insects,  broadest  across  the  base  of  the 
abdomen  and  tapering  slightly  towards  the  apex.  They  vary 
much  in  size,  some  being  less  than  a  quarter  of  an  inch,  while 
many  are  as  much  as  two  inches  long  and  of  robust  build.  The 
colouring  in  the  majority  of  cases,  and  especially  in  the  larger 
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forms,  is  very  conspicuous,  being  brilliantly  metallic,  ranging 
from  bronze-black  to  beautiful  greens  and  blues.  Some 
species  have  spots  or  bands  of  a  different  colour;  but  true 
warning  coloration  is  not  noticed  in  this  family.  The  venter 
of  many  of  these  beetles  is  also  brilliantly  coloured. 

The  head  is  short,  vertical,  and  sunk  iato  the  thorax  as  far 
as  the  eyes.  The  mouth-parts  are  short  and  of  the  herbivorous 
type.  The  antennae,  which  are  inserted  on  the  front,  are 
serrate  and  rather  short.  The  thorax  closely  joins  the  abdomen, 
which  is  completely  covered  by  the  well-fitting  elytra.  The 
presternum  is  prolonged  into  a  process  behind,  fitting  into  a 
mesosternal  cavity.  The  legs  are  short,  with  five-jointed 
tarsi,  the  first  four  joints  having  membranous  pads  beneath : 
the  legs  are  concealed  under  the  body  when  not  in  use.  The 
wings  are  large  and  often  used.  The  elytra  of  some  species 
are  smooth,  of  others  deeply  sculptured.  There  is  not  much 
difference  in  the  external  appearance  of  the  males  and  females. 

The  larvae  are  very  curious  in  form  :  the  head  is  very  small, 
with  very  short  antennae  and  short,  strong  mandibles.  The 
thoracic  segments,  especially  the  prothorax,  are  greatly 
enlarged,  having  a  swollen  appearance.  The  abdomen, 
consisting  of  nine  segments,  is  long  and  narrow.  The  legs 
are  either  very  rudimentary  or  totally  absent.  These  larvae 
live  under  bark  or  make  borings  in  wood  and  plant  stems,  or 
mine  in  leaves.  The  swollen  nature  of  the  thorax  is  brought 
into  use  as  leverage  to  aid  the  larva  in  its  progress  along  the 
borings.  Pupation  takes  place  in  the  bore,  which  is  closed 
by  debris,  no  actual  cocoon  being  formed. 

The  length  of  the  life-history  varies,  some  of  the  large  species 
taking  one  year  to  go  completely  through,  while  some  of  the 
smaller  species  may  have  several  broods  during  the  year. 
They  have  been  found  in  hibernation  both  as  adults  and 
larvae.   There  are  several  Hymenopterous  parasites. 

The  family  has  been  monographed  by  Kerremans  in  Genera 
Insectorum,  Fasc.  12  (1903).  There  is  also  a  good  deal  of 
economic  literature. 

The  ten  British  species  are  listed  by  Fowler. 

There  are  a  considerable  number  of  species  of  economic 
importance  as  pests  of  plants  like  cotton,  jute,  groundnut; 
fruit  trees  such  as  mango,  guava,  orange,  apple,  pear,  cherry, 
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and  pluni;  and  also  various  bush  fruits.  Much,  damage  is  often 
done  to  forest  trees.  Genera  containing  species  of  economic 
interest  are :  Agrilus,  Belionota,  Catoxantha,  Ghrysoboihris, 
Buprestis  (Dicerca),  Sphenoptera  and  Stigmodera. 

Elaterid^. 

Click  beetles. 

Antennae  filiform,  serrate  or  pectinate.  Tarsi  five-jointed. 
Legs  retractile.  Prothorax  with  hind  angles  produced 
backwards.  Presternum  produced  back  into  mesosternum. 
First  two  sternites  not  connate. 

This  is  a  large  and  well-known  family  containing  from  two 
to  three  thousand  very  widely  distributed  species.  Several 
authors  have  thought  it  reasonable  to 
place  some  of  the  various  sub-families 
as  separate  families ;  but  as  they 
have  so  many  characters  in  common 
it  is  justifiable  to  class  them  all 
under  one  heading. 

They  do  not  show  much  variation 
of  form,  all  being  more  or  less 
elongate,  narrow  and  somewhat 
depressed.  They  range  from  quite 
small  insects  to  ones  over  an  inch 
in  length  and  of  robust  build.  In 
many  cases,  especially  among  the 
larger    forms,    they    are  brightly 

coloured  ;    others  are  brown  or  yel-     j,^^,  ^^.-^Elater  lythrop- 
lowish  in  tint,  and  many  are  entirely  ierus.  (x  4.) 

black. 

The  head  is  small,  somewhat  sunk  into  the  prothorax  and 
bearing  mandibles,  bifid  at  apex  ;  round,  but  not  very  promi- 
nent eyes,  and  antennae  of  moderate  length,  which  are  in  some 
cases  filiform,  and  in  others  serrate  or  pectinate.  The  pro- 
thorax is  large,  with  the  hind  angles  produced  sharply  back- 
ward, more  strongly  in  some  species  than  in  others.  The 
presternum  is  produced  into  a  spine-like  structure  behind, 
fitting  into  a  cavity  in  the  mesosternum.   It  is  this  structure 
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which  gives  the  power  of  leaping,  accompanied  by  a  sharp 
chcking  sound,  possessed  by  many  of  these  beetles  :  hence  the 
name  of  "  click  beetles  "  as  popularly  applied  to  them.  The 
mesosternum  is  short  and  the  metasternum  is,  as  a  rule,  long. 
There  are  five  visible  ventral  segments.  The  elytra  are  neatly 
adapted  and  with  few  exceptions  completely  cover  the  abdomen. 
A  few  females  are  known  in  which  the  elytra  are  slightly 
abbreviated.  The  legs  are  slender  and  of  varying  length, 
but  are  never  very  long ;  they  are  often  retractile.  The  tarsi 
are  five- jointed,  with  simple,  toothed  or  pectinate  claws. 

The  chief  sub-families  are  the  Eucnemince,  the  Elaterince,  the 
Cebrionince,  the  Perothopince  and  the  Cerophytince.  The  last 
two  are  made  up  of  one  genus  each.  Perothopince  is  considered 
by  some  people  to  be  better  included  with  the  Eucnemincb-, 
but  with  Cerophytince  can  be  separated  by  the  fact  of  the  very 
long  trochanters  of  their  middle  and  posterior  legs.  The 
Eucnemince  are  rather  more  cylindrical  than  the  rest  of  the 
family  and  many  of  them  possess  the  above-mentioned  power 
of  leaping.  Their  larvse,  although  resembling  in  many  respects 
the  other  Elaterid  larvse,  are  legless,  with  very  rudimentary 
mouth-parts  and  antennae,  and  have  no  ocelli.  The  head  bears 
on  its  front  some  very  hard,  sharp  teeth,  which  presumably 
aid  the  larva  to  bore  into  the  soft,  rotting  wood  in  which  it  lives. 
Judging  by  the  form  of  what  little  mouth-parts  it  has,  its  food 
is  very  possibly  the  juices  of  the  rotting  wood. 

Among  the  Elaterince  are  many  of  the  largest  forms  known, 
including  the  Pyrophorince,  occurring  in  the  tropics,  and  to 
which  the  name  fire-flies  "  have  been  given,  owing  to  a  light 
emanating  from  the  two  dull  yellowish  spots  near  the  posterior 
angles  of  the  thorax.  Nearly  all  the  Elaterince  can  jump,  and 
are  the  typical  ''chck  beetles."  Many  of  their  larvae  are 
notorious  as  being  the  so-called  wire- worms  "  which  do  con- 
siderable damage  to  the  roots  of  wheat  and  other  crops  of  a 
similar  nature.  They  are  elongate  and  cylindrical,  with 
extremely  tough  skins,  a  small  head,  short  thoracic  legs  and  a 
variable  last  segment,  which  may  be  sinuate  at  the  sides,  with 
the  apex  simple  or  divided  into  a  pair  of  toothed  processes. 
In  the  adults  of  some  of  the  big  species  (Alaus)  there  are  on 
the  pronotum  large,  round  markings  like  bright  eyes.  All  of 
them  cannot  be  denounced  as  crop  pests,  as  many  species  five 
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in  decaying  wood,  and  others  are  carnivorous.  Many  of  them 
remain  as  larvse  for  a  considerable  period,  sometimes  several 
years. 

The  Cebrionince  are  least  of  all  like  the  rest  of  the  family, 
and  some  of  them  are  more  like  Lamellicorns.  They  do  not 
possess  the  power  of  jumping,  their  legs  being  more  of  the 
digging  type,  with  well-developed  tibial  spurs.  Their  larval 
stage  is  passed  in  the  ground  from  which  the  winged  males 
emerge  in  due  season  but  the  females  are  wingless  and  remain 
in  the  ground,  with  only  the  posterior  end  of  their  bodies 
protruding.  The  larvse  have  no  anal  processes  and  their 
anterior  legs  are  shortened. 

The  adults  of  the  Elateridce,  in  general,  occur  in  many  situa- 
tions :  in  grass,  on  flowers  and  f  oHage,  in  rotting  wood,  or  under 
bark.  Many  only  appear  at  night,  while  others  are  diurnal 
of  habit. 

Schwarz  has  monographed  the  family  in  Genera  Insectorum, 
Fasc.  46  (1906),  with  the  exception  of  the  Cebrionince,  which 
has  been  monographed  in  Fasc.  127  (1912)  as  a  separate 
family  by  Dalla  Torre,  who  also  lists  the  species  in  the  Berlin 
Catalogue.  Candeze  has  described  many  species,  particularly 
the  Indian  ones. 

Fowler  lists  the  sixty-two  British  species. 

Some  species  of  the  JSlaterince  are  of  economic  importance, 
owing  to  their  larvse,  the  well-known  wire- worms  "  being 
destructive  to  the  roots  of  wheat  and  similar  crops.  These 
species  are  contained  in  the  following  genera  :  Agrictes,  Athous, 
Limonius  and  Melanotus.  The  only  known  method  of  control 
is  to  plough  in  a  crop  of  mustard  before  sowing  the  cereal 
crop,  and  they  are  not  usually  pests  of  cultivated  land,  but 
of  newly  broken  pasture. 

Throscid^  {Trimgidce). 

Very  small.  Prothorax  closely  articulated  with  meso- 
thorax.  Front  coxal  cavities  closed  behind  by  mesosternum. 
General  appearance  otherwise  like  Elateridae. 

A  small  fannly  containing  about  150  species,  mostly  occurring 
in  Europe  and  America,  in  which  countries  they  are  widely 
distributed.   A  few  species  are  found  in  tropical  regions. 
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In  general  appearance  these  beetles  resemble  the  Elaterids. 
They  are  very  small,  seldom  exceeding  3  mm.  in  length,  and 
are  usually  somewhat  obscurely  coloured. 

The  head  is  sunk  into  the  thorax  as  far  as  the  eyes,  which  are 
hairy  and  emarginate.  The  antennae  are  inserted  on  the  front 
and  can  be  concealed  in  grooves  beneath.  They  are  uRually 
serrate ;  but  in  some  species  may  have  a  loose,  three-jointed 
club.  The  thorax  is  closely  applied  to  the  abdomen,  which  is 
completely  covered  by  the  elytra.  The  presternum  has  a  flat 
elongation  behind,  fitting  into  a  groove  in  the  mesosternum. 
There  are  five  visible  ventral  segments  ;  but  the  first  two  arc 
not  connate  as  in  the  Elateridoe,  The  legs  are  short  and  re- 
tractile, the  tarsi  five-jointed  with  one  or  more  joints  having  a 
membranous  lobe  beneath.  These  beetles  do  not  posscsH  the 
power  of  jumping. 

Little  seems  to  be  known  of  the  life-history.  The  adults 
are  found  at  the  roots  of  grass,  in  vegetable  refuse  and  dead 
wood  or  on  plants.  Fowler  has  listed  the  four  British 
species. 

{d)  HETEROMERA. 
Anterior  tarsi  five -jointed,  hind  tarsi  four -jointed. 

TENEBRIONIDiE. 

Antennae  under  a  projection  at  the  side  of  the  head.  Tarsal 
claws  simple.   Five  visible  sternites. 

This  is  a  huge  family  containing  weU  over  10,000  species. 
They  have  a  wide  distribution,  and  are  perhaps  most  abundant 
in  the  North  African  and  Mediterranean  regions. 

The  great  majority  of  them  are  ground-Uving  inBCcts  of 
sombre  colour  and  varying  size,  some  being  only  a  few  milli- 
metres, while  others  are  nearly  two  inches  long,  and  of  robust 
build.  The  head  is  of  moderate  size,  with  strong  mandibles 
of  the  herbivorous  type.  The  antennae  are  short,  eleven- 
jointed  and  of  variable  form.  The  whole  body  is  of  compact 
build  and  somewhat  hard.  The  elytra  are  close-fitting,  and 
in  many  cases  soldered  together,  wings  being  absent,  or 
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practically  so.  Some  species  have  large  wings.  The  legs  are 
of  moderate  length  and  enable  some  species  to  move  with 
great  speed.  In  a  few  cases  the  males  have  erect  horns  on  the 
head,  but  to  what  use  they  are  put,  is  unknown.  Other  males 
may  be  distinguished  by  the  presence  of  a  tuft  of  hair  on  the 
abdomen,  or  the  dilation  of  the  tarsi. 

The  larvae,  which  greatly  resemble  one  another,  are  elongate 
a,nd  cyHndrical,  with  brown,  leathery  integument.    The  apical 
segment  of  the  abdomen  bears  two  hooks  and  a  short,  retrac- 
"fcile  process.    The  thoracic  legs  are  of  moderate  length.  The 
jiupae  are  rather  broad  compared  with  the  larvae,  and  bear 
■fcwo  short  cerci  and  a  series  of  projections  from  the  sides  of 
"the  abdomen.    The  majority  of 
t3he  larvae  and  adults  only  appear 
SLt  night,  and  act  as  scavengers, 
feeding    on    vegetable  waste. 
They  prefer  dry  situations  and 
Sbxe  frequently  found  in  sandy 
places,   and  are   abundant  in 
desert     areas.      Loose     bark,  5 
"fcliatched  roofs,  fallen  leaves,  etc.,  i^'*^^^- 
€tre  the  sort  of   places  which 
<£tjfford  shelter  for  these  beetles. 
Some  species  live  in  houses  :  for 
instance,    the    big,  dull-black 
l>oetle  belonging  to   the  genus 
.jSlajps,  and  known  in  this  country 

as  the  cellar  beetle."  Tenebrio  moUtor,  the  cosmopolitan 
^  *  xneal  beetle  "  and  its  larva  the  meal  worm,"  infest  gran- 
O/ries,  feeding  on  the  stored  grain  and  flour  :  sometimes  doing 
e  onsiderable  damage. 

-A  number  of  species  show  themselves  during  the  day,  and  a 
fow  are  more  brightly  coloured.  Gebien  lists  the  family  in 
tlxe  Berlin  Catalogue. 

Schiodte  has  figured  the  larvae  and  pupae  of  several  species. 

There  are  thirty  British  species,  listed  by  Fowler. 

^s  well  as  the  grain-infesting  Tenebrio  molitor,  a  few  other 
gpocies  have  proved  themselves  to  be  injurious :  the  adults 
and  larvae  of  some  species  of  the  genus  Ojpatrum  attack  the 
roots  and  shoots  of  potatoes,  grain  and  groundnut.  Other 


Fia.  49. — Helops  striatue  (Tene^ 
hrionidcR)  (3i  times  nat.  size). 
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genera  containing  species  of  economic  interc^st  are :  Eleodes 
and  OmopMus,  which  attack  cereals,  and  Ilolmiiaria,  attacking 
cane ;  to  some  extent  these  genera  and  Oj)at'n(7n  rc^i)Iac(i  in  the 
tropics  the  wire-worm  pests  {Elateridce)  of  tcmp(TOt(*  rt^gions. 
Tribolium  includes  species  found  commonly  in  stored  grain, 
flour,  etc. ;  it  is  very  widespread,  probably  quite  liarnil(\Ms  to 
grain,  in  which  it  may  occur  abundantly. 

-^GIALITIDJE. 

Head  prominent.  Eyes  smaU.  Six  visible  sternites. 
Tarsi ,  with  exception  of  last  joint,  pubescent  beneath .  Claws 
simple. 

This  family  is  comprised  of  four  Kpocios  found  in  Alaska 
and  California. 

It  is  thought  by  some  authors  that  iho^o  }HH'.i\vH  should  l)e 
included  with  the  Tenebrionidxr, ;  others  havc^  (tonsidcred 
placing  them  with  the  Dryopidai  or  Pythidw, 

They  are  small  insects.  Tho  head  is  pr()min<*nt  and  the 
eyes  are  small.  The  eleven-jointed  antcniiue  an*  inserted 
under  small  ridges  on  the  front.  Then^  iiro  six  vinilile,  v(»ntral 
segments,  tho  last  one  only  having  tlu^  tij)  showing.  The 
coxsD  are  all  widely  separated.  The  tarsi,  with  tlu^  exc<*ption 
of  the  last  joint,  are  pubescent  beneath. 

The  earlier  stages  are  not  yt^t  known. 

There  is  a  list  of  the  species  by  Broclnnann  in  \Uv  ficrlin 
Catalogue* 

Prothorax  cylindrical,  narrower  than  base  of  elytra. 
Anterior  coxae  projecting,  conical  and  contiguous  ;  cavities 
closed  behind.  Five  visible  sternites.  Legs  slender,  claws 
simple,  penultimate  tarsal  joint  bilobed,  pubescent. 

This  family  is  allied  to  the  TeMebrtmiida'  and  containH  about 
550  widely  distributed  species. 

They  are  insects  of  moderate  size,  resembling  in  general 
characters  many  of  the  Tenebrionids,  and  are  nK)Htly  of  some 
inconspicuous  colour. 
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The  antennse  are  filiform  and  inserted  on  the  front  under 
small  ridges.  In  some  species  the  males  have  the  head  broader 
than  that  of  the  female.  The  prothorax  is  somewhat  cylin- 
drical and  is  narrower  than  the  base  of  the  elytra,  which 
completely  covers  the  abdomen  and  is  in  many  cases  of  a 
somewhat  flexible  nature  and  rounded  at  apex.  The  legs  are 
slender  and  rather  long.  The  anterior  coxae  differ  from  those 
of  the  Tenebrionids  in  being  conical,  contiguous  and  pro- 
jecting. The  coxal  cavities  are  closed  behind.  The  penulti- 
mate joint  of  all  tarsi  is  bilobed  and  pubescent  beneath.  The 
body  generally  is  hairy. 

The  larvae  are  very  like  those  of  the  Tenebrionids,  but  are 
usually  somewhat  broader.  The  larva  of  Lagria  hirfa;  a 
British  species,  has  been  described  by  Schiodte  as  being 
moderately  broad  and  parallel-sided,  with  a  small,  short  head 
and  the  last  abdominal  segment  slightly  bifid  at  apex.  The 
legs  are  rather  long.  The  pupa,  as  also  described  by  Schiodte, 
is  moderately  long,  with  a  broad,  clavate  process  projecting 
from  the  sides  of  the  abdominal  segments,  with  the  exception 
of  the  two  last. 

The  adults  are  found  on  foliage,  in  hedges,  and  sometimes 
under  bark.  The  larvae  live  in  soft,  rotting  wood,  or  under  dead 
leaves,  and  are  more  active  than  those  of  the  Tenebrionidce. 

Borchmann  has  listed  the  family  in  the  Berlin  Catalogue. 
Lagria  hirta  is  the  only  British  species. 

OTHNnn^. 

Elongate.  Antennae  eleven -jointed,  last  three  joints  form- 
ing loose  club.  Head  large,  flat.  Apex  of  abdomen  exposed. 
Five  visible  sternites.   Legs  slender. 

This  is  another  family  of  doubtful  position,  it  being  thought 
by  some  authors  to  belong  to  the  lower  forms  of  the  Tene- 
brionidce.  There  is  only  one  genus,  made  up  of  sixteen  species, 
occurring  in  Borneo,  New  Guinea,  India,  Ceylon,  Japan,  and 
Central  Africa. 

They  are  elongate  insects,  with  large,  flat  heads  and  loosely 
clubbed  antennae.  The  elytra  leave  the  apex  of  the  abdomen 
exposed.  The  legs  are  slender.  The  integument  generally 
is  weak. 
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Tho  earlier  stages  arc  unknown.  The  adults  have  l)eon 
found  on  foliage,  and  arc  in  all  pi^ohability  predaccous. 

Tlu^  sfKicies  are  listed  l)y  Borchniann  in  the  Berlin  (Catalogue. 

( /LSTKLI D.'IO  {A  llecvlid(f'). 

Like  Tenebrionidae  ;   but  tarsal  claws  pectinate. 

A  family  of  ove;r  I,(K)()  species,  all  closely  alli(^d  to  the 
T(mebrio7ii(l(r,  wid(»ly  distributed,  but  mostly  in  t(»niperate 
regions. 

They  are  UKually  oblong-oval  in  shape  an<l  of  moderate  size, 
with  a  fairly  vvid(^.  range  of  markings  and  coloration,  some 
being  ])iain  bhu^k  or  brown  and  others  brighter,  with  various 
sj)ots  or  sphishes. 

'[Fhe  only  hniI  structural  difTer(»nce  l)etwe(ai  them  and  the 
TeMebrio7ti(l(rt  is  the;  fact  of  their  having  the  turHul  claws 
pectinate  instead  of  simple.  The;  antenna^  arc^  long  and  of 
gn^ater  length  in  the  male,  which  also  has  bigger  (\yeH. 

Th(^  larva  of  one  species,  Cistela  ceramboides,  is  d(»scrihed 
by  Wc^stwood  as  being  long,  Hubcylindrical  and  scaly,  with 
short,  thn^'-jointed  anteiuue,  and  havitig  the  last  alxlominal 
segment  (joint^al  and  without  cerci  or  proc^CaSses.  The  larva*, 
g(^n(Tally,  an^  found  in  ch^caying  tre(»s  or  under  l)ark.  Th<^ 
adults  also  occur  under  bark  or  in  soft  woo<l,  but  are  some- 
tinies  fotunl  on  flowers. 

A  c(mii)l(*te  list  of  the  family  by  Borchmunn  will  )>e  fotmd 
in  Part     of  th(^  BcTlin  (Catalogue. 

Th(*r(^  an^  sev(»n  Britisli  species. 

No  memlxT  of  this  family  is  of  imi>ortance  economically, 

MoNOMMIOyK. 

Small,  ovaL  Antennae  eleven-jointed,  w^ith  three -jointed 
club,  received  in  grooves  on  presternum.  Head  horizontal, 
prominent.  Legs  strongly  retractile.  Tarsi  slightly  pubes- 
cent beneath. 

This  family,  which  is  made  up  of  two  genera,  contains  some- 
thing ov(T  a  himdred  species.  The  majority  of  on<^  genus  occur 
in  Madagascar,  whiles  the  other  is  confined  to  the  New  World. 
One  Hpecics  is  found  in  India. 
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They  arc  small  insects,  oval  in  form  and  generally  of  dull 
colouring. 

The  liead  is  horizontal  and  somewhat  prominent.  The 
antenn^ie,  which  have  a  three-jointed  club,  are  received  into 
grooves  in  the  sternum.  The  legs  are  capable  of  being  retracted 
and  the  tarsi  are  slightly  pubescent  beneath. 

The  achdts  have  been  found  under  the  bark  of  trees,  where 
it  is  presumed  they  feed  on  the  sap-wood. 

The  family  has  been  monographed  by  Thomson  (1860). 

NiLioNin;!^. 

Hemispherical,  resembling  CoccinelUdae.  Head  vertical. 
Prothorax  leaf-like  at  the  sides.  Anterior  coxal  cavities 
apparently  open  behind.    Tarsi  filiform  ;  claws  simple. 

The  members  of  this  family,  which  iuiml)er  from  twenty  to 
thirty  spo(;icK,  occur  in  (Central  and  Tropical  America. 

In  g(MU^ral  appearance  they  r(\seml)l(^  the;  (JoccineUida*,  being 
hcmispheric^al.    They  are  of  moderate  size. 

The  h(^ad  is  vertical,  and  whcsn  in  repose  rests  against  the 
anterior  coxjxj.  The  antenmc  are  eleven-jointed,  and  inserted 
in  front  of  the  eyes.  The  prothorax  is  curiously  leaf-like  at 
the  sides.  There  are  five  visible  ventral  segments.  The 
anterior  (;oxal  cavities,  being  apparently  open  behind,  is  a 
charactcT  separating  this  family  from  the  Tenebrionidxv, 

These  bet^tles  are  said  by  Lacor(hur<^  to  be  found  walking 
about  on  fungi  on  tree-trunks  and  to  feign  (kuith  on  alarm. 
He  also  says  that  they  exhale,  in  common  with  otlier  bole- 
tophagous  beetles,  a  peculiar  smell. 

The  earli(^r  stages  are  not  known. 

Borchmann  lists  the  family  in  the  ikTlin  (Jatalogue. 

VhVTKllDM, 

Elongate,  slender.  Antennae  long,  filiform,  eleven -jointed. 
Anterior  coxal  cavities  almost  closed  behind.  Elytra 
dehiscent,  not  reaching  apex  of  abdomen.  Legs  and  tarsi 
long  and  slender ;  claws  simple. 

A  family  of  but  few  species  occurring  in  the  Transcaspian 
region. 
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TliCV  an^  rl(Hjgatr,  narrnu,  \m  nk  U>**l\tii'  in  *  •  f  uh.i! 
resembling  c'«Tlain  (»f  th*-  ( \  nimhuriJ.r ,    1  h*   hi  i^i  i  railin 
namnv  and  the*  thnnis  >tiv'htlv  i  v liii«ln»     .  fh.  i  lur  i.  1» 
the  ajH'X  (»f  the  ahdtitnrn  <*H|Hi  « «i         .u*-  «u  1«      »1»  hi 

cent.   The  win^rs  an-  lar^*-.    'Hi'-  If"^-^  -^J^"^ 
with  Hiniple  tnrNi.  a  pniiit  in  whi»  h  th«  >  »li!!»  r  lr«'ni  Ui#  u  ;^llif  , 
the  (Ji(lvmm(l(f\v;h'u'U  ha\r  th»'  pi  rnilt  nii:*!.-  tiir  id  jMi^t  4i\  %u  *\ 
Of  their  hal)itM  and  liU'  \n  u^r\  n^^tlnav  q^j**  jr  -  !»»  kii«iU}i 
The  HjM»ei<«H  havi*  Im  i-ii  ii^ t«  d        l»« ^r*  hiijaiiU  an 
(Jatalngue, 

Klonftate,  Klemli^r.  Delitafe  int»  ^ntn*  nf.  Ilrad  n.irt»»*%efl 
behind,  produc4»d  in  front  info  a  nhtnt  tutfrinn.  \ntefi«;i* 
usually  filiform.  Prothtiruic  narrow rd.  rrnulHm.iti*  far«*#il 
joint  hilobed,  dawn  Hini|>U».  Anterior  tM\*iI  (*t\ifieH  wide 
open  behind. 

Thin  IK  a  family  of  ahmii  t*MM   jmn  h  <ti  !  nl^vif*  ^ j  m 

both  tenijM*mle  and  lr«»jM«  ai  imuhUm 

They  are  elftn^^'it*',  n.^nrmu-  in^r»t-  «.!  n^^.dM-.it.'  ■•■?/«■,  nAi^a 
l^rightly  ecdonrrMl  and  wiUi  i»   t*ni*  tt]i;«i  «i*  h*       n^!* ^♦vjiii»  i^f 
Th(\v  hav(»  a  hU|HTfirinl  n  ^t  inbi  ui" »        b».th  *  *  r  uoln*  j*} 
and  MahirodennidH. 

The  head  in  largr.  hit-nt  -Uuldlv  d^^uii*  a  l  ^  j.yM»|H<«  ,|  i)iit*i  ;i 
roHtrum  in  front  and  narmiwd  l^hind  U.*  ri«  ^  uhi^b  .ir<  ni 
Home  eaHen  vrry  larj,'**     V\iv  niw*\i)*h  •   u»  '| |,i 

ant4»nnfe  an*  !on}?»  v**ry        in  «^jm«*      <  j«    |^*«  n«  r  jillv  l<hf*^riii 
but  oeeanionally  Mirratr    *rh*  tJ^Mf.**  }>  0.0x01,%.  i  -41  th*  J,;i  .r 
than  the  elytra,    hi*  h  itj  u^  ath  idl  *  *  •  ^  *  «**v«r  tb»^ 

abdomen  and  have  ninr*-  nr  h  ^  ♦U»tiji^flv  r  ir  r.!  In,.  ^  Ihtr* 
are  fiv^s  frei*,  vi^ntral  abd**m3ii;d  ■t*'^tn*-ii'^-^-  .  =^«ats*-  fiiid»':'t  h*iv«" 
amxth  viHifilf.    *V\w  li*^^  ist*-  ion^l*  r  tt*  Iv  ^mU*  th*  f«  to*»rii 

in  the  malen  nf  mmw  .MjK'^-iiM.^  Ua*l»"ii«-d  sut-^*  ii  ijit^l*.  fir«d 
tibia  curved.    l*he  inm\\iim%u^  p»inf  *4  tbr  i  ir  i  falMbrd 

The  hirva*  and  {ai}i;e  rif  f,t*in»^  ;  ^  hi%\*'  b«if  O  d«  :*fd*«d 
by  Sehifkite.  That  of  fK*l*imt<i  rjfr--.*rn^i  r!*,fi-r,iii#-=  iuirj 
narrow,  with  a  tarj^**  h*-a*l  and  !b«-  pn»Ua»»rari*  1,1  |.ir^»i  r 

than  the  other  m^j^mi  nt^  Tht-  ^  »4  tb«  t%)i*hm%r%t  %^  t*mwh  s\ 
and  Himple.   Tlie  \%\*^  ar«"  riitb*  r  h^n;,*    1h«  i#tijt.>     h.n^»  i»oi| 


has  a  {>rnrniiM*iirr  uti  rat  h  i^ulv  ctf  th<*  antirinr  jifuiion  i»f  th<' 
thorax,  and  al^o  jid^^i- tun  .^-^linrt ,  ciirvf^d  ct  r<'i  Thr  hirvji* 
p*lii'rally  ft  rd  f»n  <ii  t*a\  inj;  ^vumi  ;  that  r«f  Stirrnit  ^  vultunirn,  a 
British  njh'cii'h.  livi  ^  in  j»il<'^^  (lri\«  n  in  Xhv  ^an<l  nf  thf  -rai  hon*. 
and  in  old  paHn^^-*  aitti  «!<'(  aun^^  tinih*  r  Th*-  inajorit  v  nf  fh*- 
adultiH  fn'<|urnt  flMv^rr.^  and  hrrha^^-,  whdt*  a  fru  ar<-  ^  aid  tn  hf 
niurt*  f»ft«'n  fuund  f»n  th«*  j.'round  foar  uatir.  'I'hi'  faiinly 
han  \\vvu  !i%trii  h\  Srhi  nldinj.'  in  fh*-  f5i  rhn  <  at.ih.^Mi*-  *\\ivu' 
arr  >*t*vi*n  British  ^|Ht'^r^  wliirh  an-  h  t<»l  h\  |^»ul<r 
family  d***-^^  nnf  i  nntain  any  jh  «  i« nf  rral  n  unMun*  inijii»rt 
aun*. 

1*^  \  inn  I, 

Hi*ad  not  cunHtrit  tt*cl  hi'hind,  HniiiftiinvH  piciihii  &^d  Info  a 
rohtrum.  Frolhnrax  narrowed  at  tniw.  Idytia  <tArr  atnlo- 
nu»«.    Tar  HI  *ili»n<lc*r. 

'V\\iH  f.Hnily  ^nijt.un  ahnnt  I*»n  j^f  rii  fh*  nh*|«aitv  «d 
\ihi«  h  »»»  »  iir  in  tf  ni|w  ra?«'  rr^'ii*n  >,  a  ft  u  arr  fi»iin*l  in  « lull, 
Maf|a|,'a.-'-far;  N'«^w  i  Hjinra ,  rt*\ 

*\hr\  ranu«"  fri»ni  mail  tn  niudrrat*'  ^j/i-  and  an'  %aMiil»if* 
in  fdiajw*,  Huinr  <  ji  h  hnnj.'  v^*^uy!^%U^  and  inm  h  d*  firrfMtrd, 
uhilr  f*tht"r«  im*  iitf»ri"  t|iiadratr  Hrij^h*  (nlnnriiiic  m-i  n  lu 
many  « i«' ^  hut  rvt  ral  arr  f»|  M,tt%\^rv  apjn  arani  »^  Ni^vi  ral 
aiithf»r^  rnn^di  r  ihvm  tM  h»  h*ii|^  tfi  Ihr  Mrhmhtjuhr  ,  Init  fhr 
fart  nf  thr  prMiintiiiii  J»<  ini,*  narmurd  at  th**  hmv,  mtd  thr  fr*»ni 
nf  thi-  lirad  In  inj.f  ->*mi*  t\m^-^  j»nidiiri  d  mtn  a  r«i?»truin,  ^r|mrat#'H 
thrm  fntrn  that  fanuly. 

Th*-  hf  itd  in  {irniiiinf  fit  anrj  n**!  miihfrif  t#  d  hrhi>i*l.  Thi* 
juitrnnir  art*  nth*  r  filiform  nr  havi-  a  dij^ht  fhif  kriun^  ftmardn 
thi*  n\HX  *V\w  ihutiix,  a>»  im  nfinnrd  ahovr,  i*»  narmwiff  at 
thr  hanr,  uhilf^  thr  rlytra  rf*riij4rt*dy  vum  t  i\w  iitidnmi  ii  and 
arr  tmnnU  A  at  *rhr  Ir^n  arr  nh  ntU  r  and  t»f  inndi  rati* 

h  ngth.  tt  ith  thr  tibia*  frt-ariri||  #mall  Thf  rr  jarr  tivr  ffrr 

vrntnil  H'gitirntH. 

Thr  larva  nf  Pijtha  lUprf-^^uJu  a  Hriti-nh  ^{H^rir.^,  f!r.i^rri}H*d 
liy  Ffiwlrr  aM  hring  rhmgali*,  imrallrl  ^idrrt  imd  j^dahmiiM,  uiih 
a  larM<%  ^i-mit  irndar  hratl  thf  thnranr  and  ahdnminal  f^r^mi^ritH 
<»f  thr  wimr  ^ixr  and  ha%iniLr  a  *lf  rj*  ftirrnu  rtiiiiiitig  f|<mn  thr 
mitrr  f»f  all  rxrrj»t  thr  hint,  whi*  h  narm^H  diiy^htiy  and  hmrf^ 
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a  pair  of  strong,  incurved  processes.  This  larva  occurs  under 
the  bark  of  fir  and  pine.  In  some  other  species  the  larvse  have 
a  few  hairs  scattered  about  the  integument.  The  adults  are 
found  under  bark,  in  dead  twigs,  on  flowers,  especially  umbelh- 
ferous,  and  some  species  under  stones.  The  larvae  live  under 
bark,  in  twigs,  or  in  the  stems  and  roots  of  plants. 
Fowler  lists  the  eleven  British  species. 

Melandbyid^. 

Head  usually  deflexed,  not  constricted  behind  eyes. 
Antennas  usually  filiform,  eleven -jointed.  Prothorax  broad 
behind.   Legs  slender  ;  claws  simple. 

This  family  contains  about  200  species,  nearly  all  of  which 
are  found  in  cold  or  temperate  regions,  very  few  being  recorded 
from  hot  countries. 

They  are  from  small  to  moderate-sized  beetles,  usually 
elongate  and  rather  narrow,  but  varying  somewhat  in  shape. 
They  are  dull  of  colour. 

The  head  is  usually  bent  downwards  and  sunk  into  the 
prothorax  as  far  as  the  eyes.  The  mandibles  are  rather  short. 
The  antennae  are  usually  filiform,  eleven-jointed,  except  in 
the  genus  Conoj>alpus,  in  which  they  are  only  ten-jointed. 
The  thorax  does  not  narrow  at  the  base.  The  elytra  completely 
cover  the  abdomen,  which  has  five  visible  ventral  segments. 
The  legs  are  rather  long  and  slender,  with  the  claws  simple. 

The  larvae  vary  in  form  :  that  of  Orchesia  micans,  a  British 
species,  is  elongate  and  linear,  with  the  head,  legs  and  dorsum 
of  thorax  corneous.  The  head  is  rather  large,  but  not  as  broad 
as  the  prothorax.  The  apical  segment  is  narrower  than  the 
rest  and  does  not  bear  any  appendages.  The  pupa  has  the 
prothoracic  shield  dilated  on  each  side,  and  at  the  apex  of  the 
abdomen  has  a  bunch  of  rather  sharp,  slightly  curved  pro- 
tuberances. The  larvae  of  Melandrya  are  elongate  and  cylin- 
drical, with  a  very  large  head,  and  the  prothoracic  segment 
larger  than  any  of  the  others.  The  larvae  of  some  other  species 
have  the  last  segment  furnished  with  a  pair  of  horny  append- 
ages. 

""^^th  the  exception  of  one  genus  {Osphya)^  both  larvae  and 
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adults  Kye  in  rotting  timber,  fungi,  or  under  loose  bark. 
Osphya  is  found  on  flowers.  There  are  twenty-one  British 
species,  listed  by  Eowler. 

SCRAPTIID^. 

Small,  delicate.  Head  raised,  strongly  constricted  behind 
eyes .  Antennae  filiform .  Eyes  emar ginate .  Posterior  tibiae 
as  long  as  tarsi.   Penultimate  tarsal  joint  bilobed. 

This  is  a  family  of  rather  doubtful  position :  some  authors 
placing  it  with  the  Melandryidce,  while  others  consider  it  to  be 
more  allied  to  the  Mordellidce.  It  contains  about  eighty 
species,  the  majority  of  which  occur  in  Europe  and  North 
America ;  one  has  been  found  in  Ceylon  and  three  or  four  in 
Chili.   All  are  as  a  rule  somewhat  scarce. 

They  are  small,  dehcate-looking  insects,  elongate  and  rather 
narrow,  of  dull  colouring  and  usually  pubescent. 

The  head  is  much  constricted  behind  the  eyes  and  is  raised 
higher  than  the  prothorax.  The  eyes  are  emarginate  and  the 
antennae  filiform.  The  anterior  coxal  cavities  are  open  behind 
and  the  posterior  tibiae  are  as  long  as  the  tarsi,  all  of  which 
have  the  penultimate  joint  bilobed. 

The  larva  of  Scraptia  fuscula,  as  described  by  Perris,  is 
elongate  and  linear,  with  the  last  abdominal  segment  very 
long  and  covered  with  long,  fine  setae,  but  not  bearing  any 
processes.  Both  larvae  and  adults  live  in  rotting  wood  or 
tough  tree-fungi.  It  is  considered  very  probable  that  Scraptia 
fuscula  is  to  a  certain  extent  myrmecophilous  in  both  larval 
and  adult  stages. 

A  list  of  the  family  will  be  found  in  the  Berlin  Catalogue. 
Two  species  only  occur  in  Britain  and  are  dealt  with  by  Fowler. 

MOBDELLID^. 

Head  vertical,  ridged  behind  ;  neck  very  small.  Antennae 
eleven -jointed,  filiform.  Posterior  tibiae  shorter  than  tarsi. 
Penultimate  tarsal  joint  simple.   Hind  coxae  laminate. 

Over  700  species  are  contained  in  this  family,  some  of  them 
very  widely  distributed,  while  others  are  found  chiefly  in 
Europe  and  North  America. 
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Tlu\y  arc  Hmall,  with  ^'l*ln^att^  narruu ,  i  t*n\*  \  an.i 
what  arcluul  hixlirH,  thrm  an   hli-k  and  r^^rr..! 

with  a  silky  iMihiwrun-.  TIm-  h*';Mi  i  Mr!i».il  M.d  mi> 
Htrongly  const rictiMi  hi-hiu*!  thf  »y*  .  1  h»  t)jMi.i\  i  a  \u.i.- 
at  base  as  ih(>  elytra,  which  wmnsh  \^*  \mA  uid  l«  u  r  iIm  tij* 
of  the  abdomen  exiH»MMl.  Tht  r*^  an-  i.r  i%  \.  ii!r.«.i  .d. 
dominal  segments,  the  apinil  i»n«'  nf!«  n  !»*  in-  j.jM^ii. » ,1  min  a 
strong  Htyh^  The  li^'s  ure  ^Irn*ltr.  uiih  tli*  p..  f.ijor  t^v.^ 
huninaie  and  th<'  |M>st<Tinr  tar^i  ni.ulv  Jujm  ih*  hi^^b  fjji 
tibias  which  hi*ar  hm^  HpincK  Many  |»  rir.  h^M  th.  pi.w*  r 
of  leaping,  which  is  attriliutiil  ti»  th*  (nrmau»»n  *4  th«  tdo.* 
and  tarsi  an<i  the  presene(^  ctf  ihi-  apit  a!  t>h 

The  hirvie  of  some  siH^ei*'^  an'  ilnn}.Mi^»  ai»'i  «Mr^««l  uith 
protulH^ranoe?^  on  the  first  h  \%  al*  hHiuual  j -yj* thr  » 
protuberances  are  alno  pre  i  nt  jn  pup  *  1 1  •  f'-ns^  «  f  flir 
anal  segment  in  the  hirva  vari*-  :  in  -f*tn*  *  ^  «  1*»  uiiJi;  a 
strong  style,  and  in  otheri^  In  'm^  ih  rjilv  » Mr 

The  majority  of  the  minU  fp»ju»n?  ihiwn^  1-^4  ft**  t.r 
slirubs :  some,  howi«ver,  an-  f*anid  m  d»  «  auo^*  |  hi 

htrvje  of  sf»me  siwcies  al^i  liv*  jii  ruUUiU  d  ^%Ji*  r«  !h«  v 
hav(*.  \m*n  Unnul  on  nvv.i^inii  in  !h»*  tunn*  !  *4  \%  I  <ph  H*''»e 
insects.  Others  hw.  and  pn-^mnably  f«id  m  !h»  ^trii*  *4 
phints.  Jt  is  thought  that  a  fi  %v  hjwm*  ^  may  b*  i  arriu  i«r^ai^ 
but  Jis  y(*t  th(*re  is  no  defmitr  pr«*f.f 

Tho  family  has  been  \hU'f\  by  t  iki  in  th»      thn  <  »rd«'|.?n* 
Fowk^r  deals  with  the  ninet«  «  ii  HnU  h  i  i*»  <?«       A   |4« .  n  m! 
MorddlUivmi  is  said  tt*  Vh*  iujuriHie.  \u  nu)tba*«t    m  Ito-  ii. 


Uuii*ieit«*nni  t:. 

Humpbacked.  Iit»a<I  vfrtlcsil*  n^ntiiift  *i$i^iii^t  lorr  riinir. 
Antennae  varluble,  fliibfllsite  or  f*iib«iirrriiti'.  Prf>ttior»tii  #i% 
broad  at  base  m  dytra,  which  iiri*  nftrn  tli*hJ»itrnf .  C4iiw* 
variable,  pectinate,  or  toothed. 

This  family  is  a  small  one  of  alumt  ^  *  l  b«  \  ar«- 
widely  distributed  thrMuphout  tbr  ^*r«  af#  r  ji«*riN«ii  *4  ili*  -iM^ild 
the  kmiijKfrate  regions  having  the  iiiaj«irit>  «4  lb«  i* 

Thoy  are  very  chinely  alliid  to  \hr  MmtUiU»hf\  lr**in  Vkh%<h 
family  they  are  «i*|mratetl  by  rathf-r  indrhiiit*  rhara^f^r- 
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They  are  all  narrow  and  elongate  in  shape  and  are  usually  of 
dull  colouring. 

The  head  is  vertical  and  sharply  constricted  behind  the  eyes. 
The  antennae  are  variable  in  shape  and  differ  in  the  sexes, 
being  flabellate  or  pectinate  in  the  males  and  serrate  in  many 
cases  in  the  females.  The  thorax  is  as  broad  at  the  base  as 
the  eljrtra,  and  is  often  produced  at  the  base  into  a  lobe  covering 
the  scutellum.  The  elytra  are  narrow  and  pointed  at  the 
apex,  and  are  in  many  cases  strongly  dehiscent,  leaving  the 
apical  portion  of  the  wings  and  abdomen  exposed.  The 
number  of  free  ventral  segments  varies.  The  legs  are  long, 
with  distinct  tibial  spurs,  and  toothed  or  pectinate  claws. 

The  life-histories  of  some  of  these  beetles  are  very  interesting 
inasmuch  as  many  of  the  larvse  are  parasitic  on  wasps,  and  in 
one  case  on  cockroaches.  The  larva  of  Metcecus  paradoxus, 
the  one  British  species,  is  in  its  early  vStages  very  similar  to  the 
Meloid  larvae.  There  seems  to  be  some  doubt  as  to  how  the 
young  larvae  gain  access  to  the  wasps'  nests  :  whether  the  adult 
lays  the  eggs  in  the  dead  wood  from  which  the  wasps  obtain 
their  nesting  material,  and  they  thus  get  carried  into  the  nest 
with  the  shavings,  or  whether  the  larvae  hatch  out  j&rst  and 
attach  themselves  to  the  foraging  wasps,  remains  a  question. 
Having  by  some  means  reached  a  cell  in  the  nest,  the  larva 
attacks  the  occupier  and  eats  into  its  interior,  where  it  feeds 
for  some  time  and  grows  considerably.  Later  it  emerges  from 
the  grub  and  moults,  changing  much  in  form ;  it  then  con- 
tinues to  feed,  and  undergoes  another  moult,  after  which  it 
completely  finishes  its  victim  and  pupates  in  the  cell,  emerging 
as  a  beetle  soon  after.  When  full  grown  the  larva  is  about 
11  mm.  long,  and  resembles  a  Grabro  larva,  being  whitish, 
flattened  in  front,  with  a  small  head  and  the  last  two  segments 
smaller  than  the  rest,  the  apical  one  cleft  and  bearing  an  anal 
tubercle.  The  adults  may  occasionally  be  found  on  flowers. 
One  species  undergoes  its  larval  stage  in  the  root  and  stem  of 
a  plant  {Eryngium  campestri)  and  pupates  in  a  cocoon  formed 
on  the  outside  of  the  stem. 

The  species  {Rhipiphorus  pectinicornis)  parasitic  on  cock- 
roaches is  wingless  and  larviform  in  the  female,  who  never 
leaves  the  body  of  her  cockroach  host. 

An  interesting  account  of  Metcecus  paradoxus  has  been 
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written  by  Chapman  (1891).  Emenadia  has  been  secured 
from  the  nests  of  the  potter  wasp  (Eumenes)  in  India. 

The  species  have  been  listed  by  Csiki  in  the  Berlin  Catalogue. 
There  is  only  one  British  species. 

MBL0IDJ3  (including  Lyttidce — formerly  Cantharidce). 

Head  vertical,  constricted  with  abrupt  neck.  Pro  thorax 
at  base  plainly  narrower  than  elytra.  Tarsal  claws  with 
closely  applied  appendage  beneath.  Integument  usually 
soft. 

This  is  a  large  family  containing  nearly  2,000  widely  dis- 
tributed species. 

They  are  of  moderate  size,  generally  from  half  an  inch  to  an 
inch  long.  They  are  usually  of  fairly  robust  build.  Some 
have  warning  coloration,  others  are  metallic  blue  or  green, 
while  others  again  are  dull  brown  or  black. 

The  head  is  of  moderate  size,  placed  vertically,  and  joined 
to  the  thorax  by  a  distinct  neck.  The  antennao  are  usually 
eleven- jointed  and  simple.  The  eyes  are  large.  The  mouth- 
parts  are  not  prominent  and  not  very  strong.  The  thorax 
is  not  as  broad  as  the  abdomen.  The  elytra  are  generally 
weak,  loosely  fitting,  and  do  not  meet  down  the  whole 
length  of  the  median  line,  in  some  cases  being  widely 
dehiscent.  There  are  six  visible  ventral  segments.  The 
majority  of  these  beetles  possess  functional  wings  ;  but  the 
species  of  the  genus  Meloe  are  wingless.  The  legs  are  long, 
with  long  tarsi,  and  claws  which  have  a  closely  fitting  ap- 
pendage beneath.  The  anterior  and  middle  coxae  are  large 
and  contiguous. 

The  earUer  stages  of  these  beetles  are  very  curious  and  have 
given  rise  to  much  discussion.  Masses  of  small  yellow  eggs 
are  deposited  on  grass  or  on  the  bare  earth.  They  hatch  and 
little  triungulin  larvae  emerge.  These,  in  some  cases,  run 
about  until  they  come  across  the  egg-mass  of  a  locust,  into 
which  they  force  their  way  and  devour  the  eggs.  Between  the 
triungulin  larvae  and  the  adult  insects  there  are  a  series  of 
curious  stages.  The  egg  yields  an  active  triungulin,  which 
at  the  moult  loses  its  legs  and  becomes  scarabeoid :  it  then 
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becomes  a  ''propupa,"  and  later  a  normal  pupa.  Other 
species  are  parasitic  in  the  nests  of  various  bees,  going  through 
the  same  curious  metamorphosis.  The  young  triungulin 
larvse,  after  emerging  from  the  egg  on  the  ground,  gain 
access  to  the  bee's  nests  by  attaching  themselves  to  bees  and 
getting  carried  there.  Fabre  gives  an  interesting  account 
of  the  Siiaris  which  spend  their  early  stages  in  the  nests 
of  bees  belonging  to  the  genus  Anthophora.  Riley  gives 
an  account,  quoted  by  Sharp  in  the  Cambridge  Natural 
History,  of  the  life  of  Epicauta,  which  infests  the  egg-masses 
of  locusts. 

The  adults  are  herbivorous  and  may  be  seen  during  the 
day  on  flowers  and  foliage.  The  species  of  Meloe  are  more 
often  found  crawling  on  the  ground.  These  beetles  have  a 
habit  of  appearing  in  greater  abundance  in  some  years  than 
in  others. 

Borchmann  has  listed  the  species  in  the  Berlin  Catalogue. 
Marseul  has  monographed  the  sub-family  Mylabrince.  There 
are  nine  British  species. 

The  adults  of  a  few  species  belonging  to  the  genus  Epicauta, 
when  abundant,  are  destructive  to  cereal  crops,  by  eating 
the  stigma  and  anthers,  so  that  the  grain  cannot  form.  In 
America,  Epicauta  pennsylvanica  eats  the  leaves  of  potato 
and  beet.  Mylabris  are  pests  of  pulse.  These  beetles  are 
the  Bhster-Plies  "  of  medicine,  owing  to  their  content  of 
cantharidin :  they  are  still  in  use,  though  synthetic  canthari- 
din  is  now  replacing  them. 

PYROCHROIDiE. 

Head  exserted,  constricted  behind  eyes,  which  are 
emarginate.  Antennae  flabellate  or  pectinate.  Prothorax 
narrower  than  elytra,  which  are  wider  than  abdomen.  Legs 
long  ;  penultimate  tarsal  joint  bilobed  ;  claws  simple. 

About  sixty  species  are  contained  in  this  family;  the 
majority  of  them  inhabit  temperate  or  cold  countries  :  North 
Europe,  Siberia,  Japan,  and  North  America.  A  few  have  been 
found  in  India  and  Burma. 

They  are  allied  to  the  Melandryidce ;   but  the  formation 
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of  the  head  and  neck,  and  the  hilobed  j>en ultimate  tarsal  joint, 
are  characters  whieii  clearly  separate  them  from  that  family. 
The  majority  of  them  are  moderately  large,  conspicuous 
insects,  usualK'  with  a  colour  scheme  of  bright  scarlet  and  blaclv, 
the  head  and  thorax  sometimes  being  black  and  the  eljHra 
scarlet,  or  vice  versa.  The  head  is  conspicuous  and  constricted 
at  a  little  distance  behind  the  eyes,  which  are  emarginate. 
The  thorax  is  narrower  at  base  than  the  elytra,  which  are 
rounded  at  apex  and  wider  than  the  abdomen.  There  are 
five  free,  ventral  segments  in  the  female,  a  sixth  being  visible 
in  the  male.  The  legs  are  long,  with  the  penultimate  tarsal 
joints  bUobed  and  the  claws  simple. 

The  larvse  are  flat,  elongate,  parallel-sided,  with  a  large 
head,  short  antennae  and  palpi  as  long  as  the  antennae.  The 
penultimate  segment  is  much  longer  than  the  others,  while 
the  apical  segment  is  very  short  and  hears  two  short,  upward- 
projected  spines.  The  legs  are  short,  with  one  claw.  The 
Tvings  and  wing-cases  visible  in  the  pupse  are  very  short.  Both 
larvae  and  adults  live  under  bark  or  in  rotting  wood  ;  but  on 
hot  sunny  days  the  adults  may  sometimes  be  found  on  flowers 
and  shrubs.  It  is  believed  that  one  species,  PyrocJiroa  coccinea, 
takes  three  years  to  go  through  the  larval  stage.  Fowler 
lists  the  three  British  species. 

XrL0PHIXIDiE3. 

Like  Anthicidie  ;  but  penultimate  tarsal  joint  concealed  in 
lobes  of  anti-penultintiate  joint,  causing  the  tarsi  to  appear 
four-,  four-,  three -jointed.  First  two  sternites  connate. 
Posterior  coxsb  approximate. 

Some  300  widely  distributed  species  are  contained  in  this 
family.  Many  of  them  superficially  resemble  some  of  the 
Anobiids,  while  others  are  more  like  AntJiicus, 

The  head  is  sharply  constricted  behind  the  eyes,  w^hich  are 
large  ajid  rather  coarsely  granulated.  The  antennae  are  long 
and  as  a  rule  filiform.  The  thorax  is  much  narrower  at  its 
base  than  the  elytra.  The  legs  are  slender,  with  small  tibial 
spurs,  while  the  penultimate  tarsal  joint  is  completely  hidden 
by  the  lobes  of  the  preceding  joint.   The  first  two  sternites 


COLEOPTERA 


191 


are  connate,  a  character  which  helps  to  separate  this  family 
from  the  Anthicidce. 

The  majority  of  these  insects  are  found  in  oak  woods  at  high 
elevation,  where  they  live  in  decaying  branches,  as  do  presum- 
ably the  earlier  stages.  Occasionally  in  Europe  they  are  found 
on  flowers  or  in  dead  hedges. 

Pic  has  listed  the  species  in  the  Berlin  Catalogue. 

There  are  three  Eritish  species  listed  by  Fowler. 

Anthicidje  [HylophilidcB,  Pedilidce). 

Small,  many  ant -like.  Head  with  small  neck,  base  of 
prothorax  narrower  than  elytra.  Five  free  visible  sternites. 
Posterior  coxse  separate.  Penultimate  tarsal  joint  bilobed, 
conspicuous,  i 

There  are  some  1,500  species  contained  in  this  family,  many 
of  them  are  very  widely  distributed,  the  greater  number 
perhaps  occurring  in  temperate  countries. 

They  are  all  small  and  generally  duU  brown  or  black  in 
colour  and  many  of  them  much  resemble  ants,  both  in  shape 
and  their  mode  of  running  about. 

The  head  is  large,  strongly  constricted  behind  the  eyes 
and  joined  to  the  thorax  by  a  short  neck.  The  antennae  are 
filiform.  The  thorax  is  not  as  wide  at  its  base  as  the  elytra, 
which  in  the  majority  of  cases  cover  the  abdomen,  but  in 
some  species  leave  the  pygidium  exposed.  The  first  ventral 
segment  is  much  longer  than  the  second.  The  legs  are  long 
and  slender  with  the  penultimate  tarsal  joint  bilobed  and 
plainly  visible.    The  posterior  coxae  are  separate. 

The  earlier  stages  af  these  beetles  seem  to  be  very  little 
known.  The  adults  are  usually  found  in  the  ground,  often  in 
damp  places  by  ponds,  or  in  salt  marshes  ;  some  prefer  sandy 
places  and  others  rubbish  or  manure  heaps.  During  hot 
weather  many  species  may  be  seen  on  herbage,  running  about 
in  a  manner  which,  together  with  their  general  appearance, 
completes  their  resemblance  to  ants. 

The  family  has  been  listed  in  the  Berlin  Catalogue  by 
Pic,  and  monographed  in  Gen,  Ins.  Ease.  8  (1902)  by  the 
same  author. 
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Fowler  deals  with  the  ten  British,  species. 
Species  of  the  genus  Notoxus  are  injurious  to   beet  in 
Europe. 

Teictenotomid^. 

Size  2\  to  3  in.  Resemble  Cerambycidae.  Mandibles 
strong  and  projecting .  Antennae  long ,  serrate  inside  at  apex . 
Prothorax  laterally  dentate. 

This  faroily  contains  only  a  few  species,  confined  to  the 
Indian  and  Indo-Malay  regions. 

They  are  fine  large  insects,  sometimes  attaining  the  length 
of  three  inches.  In  general  appearance  they  are  very  much 
like  Prionus  of  the  Cerambycidce  and  have  been  placed  by  some 
authors  in  that  family ;  others  have  classed  them  with  the 
Lucanids.  Most  of  them  have  dark,  cryptic  colouring ;  but 
there  is  one  species  of  metallic  blue. 

The  head  is  large  and  horizontal  and  bears  strong,  projecting 
mandibles.  The  stout,  eleven-jointed  antennae  are  inserted 
just  before  the  eyes  and  have  the  last  three  joints  serrate  on 
the  inner  side.  The  thorax  is  slightly  narrower  than  the 
elytra  and  has  sharply  toothed  margins.  The  eljrbra  are 
strong  and  cover  the  abdomen  completely.  There  are  five 
visible  ventral  segments.  The  anterior  coxal  cavities  are 
open  behind  and  with  the  exception  of  the  last,  all  the 
tarsal  joints  have  at  the  apex  underneath  a  small  tuft  of 
hairs. 

A  larva  is  known  and  has  been  described  by  Mr.  C.  G.  Gahan 
as  being  over  four  inches  long,  parallel-sided,  with  the  segments 
narrowing  in  front  and  behind.  The  head  large,  the  legs 
distinct  but  not  long,  and  the  last  abdominal  segment 
terminating  in  two  short,  bent  processes.  As  a  whole  it 
resembles  a  Pyrochroid  on  a  large  scale. 

The  adults  inhabit  forest  regions  and  are  possibly  preda- 
ceous.  A  list  of  the  known  species  is  to  be  found  in  the 
Berlin  Catalogue. 
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(e)  PHYTOPHAGA 

Tarsi  five-jointed,  apparently  four -jointed,  the  third  joint 
usually  thickly  pubescent  beneath. 

LARiiDiE  {Bruchidce). 

Pulse  beetles. 

Small,  thick-set.  Head  free,  produced  in  front.  Elytra 
truncate,  pygidium  exposed.  Hind  femora  thickened. 
Antennae  eleven -jointed,  dentate  or  pectinate.  First  tarsal 
joint  elongate.   Clav^^s  broadly  toothed  at  base. 

About  800  species  are  contained  in  this  family.  They  have 
a  wide  distribution,  having,  owing  to  their  habits,  been  carried 
about  the  world  by  commerce. 

They  are  small,  thick-set  beetles,  sombre  in  appearance, 
and  have  the  body  clothed  with  hairs.  The  head  iw  small 
and  produced  in  front  into  a  short,  blunt  roHtrinn.  ''J'lui 
antennse  are  eleven- jointed  and  in  many  cases  scirrat(^  or 
pectinate.  The  well-developed  prothorax  is  cIoHoly  applied 
to  the  mesothorax.  The  elytra  do  not  entirely  covc^r  the 
abdomen,  but  leave  the  pygidium  exposcHl.  The  afxloinon 
is  very  thick-set.  The  legs  are  somc^wliat  sliort,  with  the 
femora  thickened  and  the  first  tarsal  joint  of  all  the  logs 
elongate. 

The  eggs  are  small,  oval  in  shape  and  ycdiow  of  colour.  Th(\y 
are  laid  in  an  adhesive  condition  on  tht^  seeds  or  the  seed  })0(1h 
of  various  plants,  particularly  those  of  tlu^  JjegvndnomL  Thi) 
resulting  larva)  are  white,  soft,  fleshy  grul)s,  with  strong  biting 
mandibles,  and  in  the  first  instar,  v(a'y  short  ihorucio  l(»gH 
and  a  pair  of  toothed  thoracic  phit(\s  ;  tiu^  h^gs  do  not  a[)[)ear 
in  the  later  stages.  Pupation  takes  pla(!<^  inside  thcj  seed,  and 
in  this  country,  at  any  rate,  the  bootless  remain  as  j)upa'  during 
the  winter.  The  larvoi  eat  out  ihi^  inner  ])ortion  of  i\u\  seed, 
but  leave  the  germ  unharmed.  Th(\y  ixvv.  mucli  parasiti/.(Kl 
by  Chalcids.   The  adults  are  found  on  flowers  and  foliage. 

Numerous  papers  have  be(^n  writt(^n  on  tlio  e<tononu(; 
importance  of  these  beetles.  A  completer  list  of  th<»  sjH'cioK 
by  Pic  will  be  found  in  the  Berlin  (JatalogtK^ 
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There  are  thirteen  British  species. 

In  this  and  other  countries  a  great  deal  of  damage  is  done 
by  species  of  Briichus  to  seeds  of  leguminous  crops,  both  in 
the  field  and  stored. 

Chkysomelid-e. 

Antennae  moderately  long,  or  short,  their  insertion  distinct 
from  the  eyes.  Upper  surface  bare.  Tibial  spurs  usually- 
absent.   Form  variable. 

This  is  a  widely  distributed  family  made  up  of  a  vast  number 
of  very  yariable  speeies.  It  has  been  split  up  into  five  main 
divisions  :  these  are : — 

I.  Encodes,  in  which  the  thorax  is  without  distinct  lateral 
margins,  the  head  is  produced,  the  eyes  prominent  and  the 
prothorax  narrow.  Three  sub-families  are  contained  in  this 
division :  the  SagriTia^  the  Criocerince  and  the  Donaciinoe, 

The  Sagrince  are  large,  oblong  insects,  usually  brightly 
coloured,  with  the  posterior  femora  much  thickened.  Little 
seems  to  be  knoT^n  of  their  life-histories.  One  species  is 
known  to  lay  eggs  on  the  bark  of  a  tree,  and  the  larvae  have 
been  found  feeding  in  roots.   The  adults  are  found  on  plants. 

The  Criocerince  are  from  small  to  moderate  size,  somewhat 
oblong  in  shape  and  showing  a  variety  of  colours,  in  some 
species  warning.  They  live  on  plants  and  grass.  Their 
larvae  are  short,  oval  and  convex,  and  are  usually  dark-coloured. 
In  many  cases  the  larvae  are  semi-aquatic  and  live  on  the 
leaves  of  aquatic  plants,  in  cases  formed  of  their  excrement. 
Other  species  live  on  terrestrial  plants,  also  in  cases.  The 
anus  is  situated  on  the  upper  surface,  so  that  it  is  easy  for  the 
larva  to  cover  itself  with  excrement.  Pupation  usually  takes 
place  in  the  ground. 

The  DoTidciina  occur  chiefly  in  temperate  regions.  They  are 
of  moderate  size,  and  not  so  brightly  coloured  as  some  of  the 
other  species,  being  usually  bronzy  green  or  brown.  They  live 
on  aquatic  plants.  The  larvae  are  elongate,  sub-cylindrical 
and  whitish.  They  are  remarkable  in  the  fact  of  their  living 
in  the  stems  of  aquatic  plants,  under  water,  obtaining  their 
air  supply  from  the  plants  by  means  of  two  spines  at  the 
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apex  of  the  body.  They  pupate  in  cocoons  attached  to  the 
roots. 

II.  Cyclica,  This  diyision  contains  the  majority  of  the 
Chrysonielids,  in  which  the  thorax,  with  few  exceptions,  has 
distinct  lateral  margins  and  is  usually  broad.  The  head  is 
more  deeply  set  and  the  eyes  are  not  prominent. 

These  beetles  are  from  small  to  moderate  size  and  rery  varied 
in  shape.  Many  of  them  have  brilliant  warning  colouring 
and  many  are  bright  red,  blue  or  green,  etc.  They  are  typical 
leaf -eating  beetles,  and  they  and  their  larvse  are  in  many  cases 
serious  pests  of  crops  :  as,  for  example,  the  notorious  Colorado 
Potato  beetle  and  Phoedm  brassicce,  the  Mustard  beetle.  The 
larvae  are  usually  very  convex  above,  short  and  oval,  with 
short  legs,  and  are  in  many  species  brightly  coloured.  They 
live  more  or  less  openly  on  plants,  and  pupate  sometimes  on 
the  plant  and  sometimes  in  the  earth. 

III.  Camptosomes.  The  beetles  in  this  division  may  be 
distinguished  by  the  lines  of  the  abdominal  segments  not 
going  straight  across  the  body,  but  curving,  making  the 
middle  of  the  segments  narrower  than  the  sides.  The  pygidium 
is  usually  exposed.  Many  well-known  sub -families  are  con- 
tained in  this  division.  The  species  are  small,  cylindrical 
insects,  brightly  coloured,  often  in  yellow  and  black.  The 
long  whitish  larvae  live  in  small  portable  cases  formed  of  their 
excrement.  The  larvse  of  Cry^ptoce/phalns,  for  instance,  are 
white,  and  have  the  abdomen  doubled  down  and  backward 
as  far  as  the  legs.  The  head  and  thorax  only  project  from  the 
case.  The  larvae  move  jerkily,  dragging  the  cases  with  them. 
The  pupae  are  attached  to  stems  of  grass  and  leaves.  The 
larvae  of  some  of  the  Clyirince  live  in  ants'  nests,  feeding  on  the 
vegetable  refuse. 

IT.  Trichostomes.  In  this  division  the  antennae  are  not  set 
very  wide  apart,  and  the  elytra  are  more  or  less  soft.  The 
Halticince  are  small  insects  of  oval  form,  and  are  often  steel- 
blue  in  coloiir.  The  well-known  ''flea  beetles"  which  have 
the  power  of  jumping,  and  are  very  active,  belong  to  this 
group.  Their  larvae  are  more  or  less  elongate,  narrowing  at 
each  end.  As  a  rule  they  mine  in  the  stems  and  leaves  of 
plants,  and  pupate  in  the  boring.  The  adults  eat  holes  in 
leaver. 
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The  Galerucini  inelude  species  whose  larva*  live  in  the  soil, 
feeding  on  the  roots  of  plants:,  the  adiihs  eating  the  leaves. 

V.  Cr^ptosfomes,  The  meuibers  of  this  division  have  tlie 
mouth  small  and  more  or  less  concealed. 

The  Hispina  are  somewhat  flattened,  with  the  thorax 
narrow  and  the  antenna^  set  close  together.  The  legs  are 
short.  There  are  often  sharp  spines  on  the  thorax  and  elytra. 
They  are  variously  coloured,  some  cryptically  so.  Eggs  are 
laid  in  the  tissues  of  plants,  in  which  the  larvse  mine.  Pupation 
also  takes  place  in  the  plant  tissues.  The  larvae  are  narrow 
at  each  end,  and  somewhat  elongate. 

The  CassMince  are  the  "  tortoise  beetles.^'  They  are  some- 
what flat,  rounded  or  oval  in  form,  and  have  the  pronotuni 
extending  over  the  head,  concealing  the  mouth-parts,  and 
the  elytra  often  expanded  at  the  sides.  Some  species  have 
very  brilliant  colouring,  which  fades  soon  after  death.  Their 
larvse  are  short  and  oval,  of  flattened  form,  with  short  legs. 
In  many  cases  there  are  spines  at  the  sides  of  the  body.  They 
shield  themselves  with  dried  excreta,  carried  on  an  anal  process 
which  can  he  turned  over  the  back.  They  live  on  the  leaves 
of  plants  and  also  pupate  there. 

All  the  Chrysoynelidce  are  vegetarians  and  all  are  diurnal. 
In  the  Genera  Insectorum  various  sub-families  have  been 
monographed:  the  Clytrlmv  (Fasc.  49,  1906,  1907),  Criocerince 
(Fase,  23,  1904),  l>onacivn(v  (Fasc.  1\,  1904),  tmdth^  Sagrin(e 
(Fasc,  14,  1903)  by  Jacoby  and  Clavareau;  the  Hispince  by 
Weise  in  Pasc.  125  (1911),  and  the  Lamproso^nmce,  Fasc.  159 
(1914),  Cklamydince  and  Spharocharince  by  Achard.  Several 
sub-families  have  been  listed  in  the  Berlin  Catalogue,  and 
others  have  been  monographed  in  Gen,  Fns.  Fascs.  32  and  33 
(1905)  and  Fase.  159  (1914). 

The  246  British  species  are  described  by  Fowler. 
The  herbivorous  habits  of  this  large  family  cannot  fail  to 
make  them  of  economic  importance.  Considerable  damage 
is  done  to  various  crops  by  both  larvse  and  adults.  Vines, 
potatoes,  mustard,  tobacco,  beet,  cucurbitaceous  plants,  maize, 
and  rice  are  some  of  the  most  important  crops  attacked. 
Species  injurious  to  the  vine  are  contained  in  the  following 
genera:  Adoxus,  Colaspis,  Fidia.  Potatoes  are  attacked  by 
Epitrix,  Oalerucella,  Leptinotarm,  Psylliodes,   The  Cruciiers 
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are  attacked  by  Haltica^  Phcedon,  Phyllotreta,  Beet  is  attacked 
hy  Cassida,  Colaspis,  JSystena,  Monaxia.  The  Cucurbitaccce 
are  infested  by  AulacopTiora,  GHoceris,  Diabrotica.  Cereal- 
infesting  species  are :  Diabrotica,  Hispa,  Le^tispa,  Pachne- 
pkorus.  Various  fruit  trees  are  attacked  by :  DipJiucepJiala, 
Galemcella,  Longitars'us,  Melasoma,  Monolepta,  Crepidodera. 
The  pulses  are  attacked  by  :  Odontaia.  Pests  of  fodder  crops 
are :  Colaspidema,  Haltica,  Sweet  potato  is  attacked  by 
Ghcetocnema,  and  the  oil  palm  by  Ccelcenomenodera.  Lochmcca 
is  destructive  to  the  roots  of  heather. 

Damage  comes  under  several  heads  :  first,  leaf- eating 
beetles,  which  destroy  foliage  as  adults ;  second,  similar 
damage  by  larvse  ;  third,  root  damage  by  larvse,  usually 
associated  with  leaf  destruction  by  adults  ;  fourth,  seedling 
destruction  by  adults  as  in  the  Halticince ;  fifth,  damage  by 
mining  larvae,  which  live  as  larvse  in  the  foliage  :  this  occurs  in 
Halticince  and  Hispinoe. 

The  control  of  many  of  these  pests  is  often  a  matter  of 
difficulty,  and  in  some  cases  mechanical  methods  have  to  be 
resorted  to,  as  with  the  flea  beetles,  which  can  be  captured 
in  large  numbers  by  dragging  through  the  fields  of  crops  a 
sort  of  wooden  trap  with  sloping  sides  covered  with  a  sticky 
material,  on  to  which  the  agitated  beetles  jump  and  are  held 
fast. 

CEBAMBYCIDiE. 

Longicorns. 

Head  obliquely  inclined  or  sub -vertical .  Antennae  long, 
their  bases  partly  encircled  by  the  eyes.  Upper  surface 
pubescent.  Last  joint  of  palpi  not  pointed  at  apex.  Anterior 
tibiae  not  grooved  beneath. 

This  family  contains  a  great  number  of  species,  many  of  them 
large,  fine  insects .  It  was  originally  included  with  the  following 
family,  the  Lamiidce,  but  on  account  of  various  external 
characters  it  was  considered  advisable  to  separate  the  two 
groups.  The  chief  and  most  easily  recognizable  difference 
between  the  two  families  is  in  the  position  of  the  head,  the  front 
of  which,  in  the  Gerambycidce,  is  subvertical  or  inclined  forward. 


and  in  tlH*  Utmiidn  is  v«*rfit;d  Mr  i  u  n  in<  lui.  .i  ^u\^.^\^\  iwhn 
difToroncoH  un* :  tin-  ajn-x  i»f  tin-  l  i  t  jMUif  i4  tl  .  i 
pointiMl  in  f/uniifhr,  init  nnt      in  flu  f.ujiily  .upI  *h«  r 
of  the  anti-rior  tihi;4*  not  iM  iny  k'i*'«'^*  d  h«  !}*  .*tii      tisr  f  jh 
but  gro()V(*ti  in  ilw  himiiti*r, 

A  great  many  nf  thi^  C  4-rani)»v' j'i    ^rr      II      ».^Ui  Ui  l  f. 
not  mM*d  nmeh  di  H-rijitiitn  .    th»  u  « l<in^       f  .iiij    i^r  ui* 
Hides  un<l  I(»ng  <»r  very        ant^  nn-*   ar«  f«  ;*ivir»    ^^\^\^  h  «  Uih^! 
fail  to  henotieed  hy  \hvtn*>A  «    ird  »>lr  irv^r     1?^  i    i%   |^  *  i« 


the  juitfnnie  arr  of  mMfi-  m«-disii4i  l«'ii|^!h  ^m^^  ^I.*--  ir$or«^- 
rmimled  and  h**^  f'l«»nj.^«it*' 
The  efilnttrin^       t'l-ry  Vi*n.i}4«"  and  t|i«'t«"  ^%f*  ^*dii^u.^.l4«*- 

with       mm^  t*r  li«  b«*ii  i  ti%«'r«d  f*f»ii»<  h«  n       wl^i*  1^  il^  a  rrs?i 
(Hhmare  hriMhfly  rfdMorrd,  ^f*i<i«"  ft*-iii|>  vrrv  ^^:^\l^A^k\  1'l»ry 
rang<»  in  mxi*  \xm%\  l**^  thnn  hiilf  iu*  in^d*  Uk       i.s^  n^rrti*, 
two,  thm*  or  m«»re  im  h«  *^  m  l«  iij^ih    ll^r  ^«ih 


fj'^r-'   /.^;Sfnn.4'>:r       "i        lv%f|-  .^-    .lirr   till  |rr4r- f ,   Iiiji*^*   in  Ui*- 

mhiir  r*r  v«'ll!<«« >i  li»#)riiv  hriii^!  AtM  ♦}tr«*i«i4 
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Except  in  tho  charat^ttTs  already  iiR'utioned,  this  family 
(kH's  not  ditfer  in  structure,  life-lust ories  or  habits  from  the 
Cerambyciia  ,  Tlie  :>ame  wide  range  of  colouring  is  seen,  the 
examples  of  crypt ie  resemblance  and  protective  mimicry  being, 
if  anything,  more  highly  emphasized.  Many  beetles  in  this 
family  resemhle  wasps ,  be^es  and  other  harmful  insects,  including 
other  protected  beetles.  Their  movements  also  are  lilce  those 
of  the  insect  they  wish  to  mimic  :  for  instance,  the  British 
Clytus  arieiw,  with  its  yellow  and  black  markings,  runs  rapidly 
about  leaves  and  stems  of  bushes  in  the  same  manner  as  a 
wasp. 

The  larva\  their  habits,  and  the  adult  habits,  are  all  similar 
to  those  of  the  Cerambycidcc. 

These  families  together  niiml)er,  as  far  as  is  known,  about 
1 3,1  MM)  s]>ecies,  which  are  very  widely  distributed. 

The  Ciramhycbm  and  the  Lamiitur  have  been  listed  in  the 
Berlin  Catalogue  by  Aurivillius.  Lameere  lists  the  Prion  inoe 
as  a  separate  family  in  that  catalogue.  Lameere  has  mono- 
graphed the  Pnoiiincem  Genera  Imedorum,  Pasc.  172  (1919), 
and  Boppe  iheCexa7nhycid(B{Disteriin(B  to  Se^pturince)  in  Fasc. 
178  (1921). 

The  British  species  of  the  two  families  number  fifty-three, 
and  are  dealt  with  by  Fowler. 

In  the  forest  regions  of  tropical  and  temperate  countries, 
these  beetles  do  a  great  amount  of  damage,  much  timber  being 
lessened  in  value  and  often  rendered  totally  uufit  for  commerce. 
Trees  are  often  killed  by  the  borings  of  these  insects. 

As  well  as  forest  and  shade  trees,  many  fruit  trees  and 
bushes  are  also  atta<;ked:  orange,  coffee,  mango,  cocoa, 
linae,  apple,  pear,  etc.,  all  supplying  breeding  places  for  the 
larvse.   The  adults  are  in  some  instances  injurious  to  foliage. 

The  citrus  trees  are  attacked  by  species  belonging  to  the 
following  genera :  Acrocin  m,  Diploschemay  Bhphidion,  Lepto- 
stylus,  Siromatmm  and  Uracanthus.  Coffee  is  infested  by 
Ayithores,  Moriohammns,  Moecha,  and  Xylotrechu^,  JBatocerd 
infests  the  majigo.  Cacao  is  injured  by:  Eudesmus^  Olemec& 
and  Steirmtoma.  Apple  is  attacked  by  :  Ela^hidion  ,  Lepto- 
siylus  and  Sap^dn,   Vine,  fig,  raspberry,  gooseberry  and 
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miilherry  are  more  or  less  attacked  by  :  Oberici,  FrionuSy 
Phryticia,  Xylocrius  and  Cb/tUi^,  Agapanihia  is  injurious  to 
sunflower,  and  Atcjcia  to  cotton.  Eutber  is  attacked  by 
Cojpfojps,  Epepioteb',  Inesida,  and  Tmiioies, 

{/)  RHrNCHOPHORA 

Head  produced  into  a  rostrum,  variable.  Antennae  usually 
clubbed  and  elbowed.  Tarsi  five -jointed,  apparently  four- 
jointed,  first  three  joints  pubescent. 

Six  families  are  contained  in  this  sub-order.  Two  of  tiieni 
are  of  great  economic  importance. 

Head  and  prothorax  elongate.  Antennae  straight,  nine-  to 
eleven- jointed.  Rostrum  horizontal,  either  long  or  short, 
with  stout  mandibles.    Elytra  cover  pygidium. 

About  1,900  species  are  contained  in  this  family.  They 
are  widely  distributed  in  tropical  regions,  but  very  few  are 
found  in  temperate  regions. 

They  are  allied  to  the  Curculionidce,  but  are  more  elongate 
and  narrow  in  form.  In  colour  they  are  usually  dull  red- brown 
or  yellowish,  and  are  bare  and  shining.  They  have  been 
divided  into  two  sub-families:  the  Brenthince  and  the 
Ulocerince.  In.  the  Brenthin(e  sexual  dimorphism  is  strongly 
apparent,  the  males  having  a  broad,  short  rostrum,  while  in 
the  females  the  rostrum  is  slender  and  often  longer  than  the 
body.  The  mandibles  are  well  developed.  The  head  is 
constricted  behind,  and  the  antennse  are  eleven- jointed.  The 
legs  are  long  and  stout,  with  the  fore  femora  and  tibiae  often 
expanded  and  toothed.  The  elytra  completely  cover  the 
abdomen.  The  TTloctrmce  in  nearly  all  cases  have  nine- jointed 
antennae,  and  show  much  less,  if  any,  structural  diference 
between  the  sexes. 

The  family  as  a  whole  are  w^ood-borers  and  live  in  decaying 
wood,  on  which  the  majority  of  them  feed .  One  or  two  genera 
are  considered  to  be  predaceous  on  other  larvae.    Little  is 
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known  of  the  earlier  stages  ;  the  larvae  are  said  to  be  furnished 
with  short  legs,  an  nnusual  character  in  the  BhynchojpJiora. 

The  family  has  been  monographed  by  Schonfeldt  in  Genera 
Insectorum,  Fasc.  65  (1908).  Jacobson  has  written  on  this 
family.  The  species  have  been  listed  by  Schonfeldt  in  the 
Berlin  Catalogue.   There  are  no  British  species. 

Platybbhinidje  (Anthribidce). 

Rostrum  short,  blunt  and  fiat.  Antennae  straight,  often 
long.  Pygidium  exposed  ;  propygidium  deeply  grooved  in 
the  middle. 

This  family  contains  about  1,000  species,  chiefly  confined  to 
the  tropics,  very  few  being  found  in  the  temperate  regions. 

They  vary  from  small  to  moderate-sized  insects,  variable 
in  general  appearance,  some  resembling  the  Lamiidce,  and 
others  certain  of  the  Curculionidce.  They  are  pubescent,  not 
brightly  coloured,  but  often  have  markings  of  black,  grey, 
brown,  or  white. 

The  antennae  are  straight,  sometimes  with  a  three-jointed 
club,  and  in  the  males  of  some  species,  very  long.  The  rostrum 
is  very  short  and  broad ;  the  mandibles  are  flat  and  curved, 
pointed  in  some  species  and  emarginate  at  apex  in  others. 
The  elytra  leave  the  pygidium  exposed :  the  propygidium  is 
deeply  grooved  in  the  middle.  The  legs  are  of  moderate 
length,  with  four-jointed  tarsi,  the  third  joint  often  being  very 
small  and  concealed  by  the  second  joint.  These  beetles  are 
not  as  a  rule  active,  but  a  few  have  the  power  of  leaping.  They 
occur  in  dead  wood,  fungi,  and  sometimes  on  tree  trunks  and 
old  hedges. 

The  larvae  are  soft,  white  grubs,  some  with  legs,  others 
without,  or  with  three  pairs  of  pseudopods.  These  larvae  live 
in  dead  wood  and  have  also  been  found  in  large  seeds  and 
nuts.  One  species,  Aroecerus  fasciculatus,  has  been  known  to 
breed  freely  in  coffee  beans.  The  larvae  of  Brachytarsus  are 
said  to  feed  on  Coccidce  and  are  probably  the  only  case  of 
carnivorous  Bhynchophora. 

Bovie  has  listed  the  species,  1905.  The  eight  British  species 
are  described  by  Fowler, 
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CUftCTILIONIDiE. 

Weevils. 

Labrum  absent.  Antennae  clubbed  and  elbowed. 
Rostrum  variable,  usually  distinct. 

This  is  a  huge  family  containing  some  30,000  species  of  so 
variable  and  complex  a  nature  that  up  to  the  present  their 
classification  seems  a  somewhat  hopeless  task,  and  their 
division  into  numerous  sub-families,  legions,  cohorts,  tribes, 
etc.,  tends  rather  to  heighten  the  complexity  than  lessen  it. 
Their  distribution  is  extremely  wide,  they  being  found  in  all 
parts  of  both  temperate  and  tropical  regions. 

In  general  appearance  they  are  easily  recognizable  by 


Fig.  51. — Hylohius  abietis  {Curculionidoe),    (x  3J.) 


reason  of  the  distinctly  prolonged  rostrum  and  geniculate 
antennae  borne  by  nearly  all  of  them.  They  range  in  size 
from  those  an  eighth  of  an  inch  in  length  to  some  about  two 
inches.  There  are  a  considerable  number  of  medium-sized 
species  with  a  length  of  from  a  quarter  to  half  an  inch.  Their 
colouring  is  generally  dull :  brown,  grey  or  buff,  more  or  less 
blotched  and  marked.  Some,  however,  are  of  brighter 
appearance,  being  rich  reddish-brown,  light  green  or  blue. 
Cryptic  colouring  is  very  noticeable  in  this  family.  In  the 
majority  of  cases  the  body  is  clothed  with  scales,  and  it  is 
these  scales  that  usually  make  up  the  colour  scheme,  the  actual 
integument  being  quite  darkly  coloured,  if  not  black.  Some 
species  are  clothed  mth  a  delicate,  mealy  covering,  similar 
to  an  alkaline  solution  secreted  by  the  insects,  and  leaving, 
after  evaporation,  a  sort  of  efflorescence. 

The  head  varies  in  size  and  is  produced  in  front  into  a  more 


or  l<'sscli.Hf  iiH'f  rohtruin.  in  ^^lnr  ruM-^^  >lH»rt .  hlimt  and  ll'Jck  -t't  • 
ill  othrrs  Unin,  ^h'U<f«•r  and  curvnl,  <>r  alnio^t  >trai^dit.  Thv 
Himivwhni  tiinall  nimith  parts  an*  hifuatrfl  at  tlif*  aprx  of  tho 
roslnun,  (hi*  nmntlihlt>  moving  iiori/ontuUy  in  all  (ah«>,  with 
the*  rxtM'ption  (»f  the  ^'i-uuh  ItaUunnits,  in  vvhi<*h  !hi*v  an* 
v(*rti<-aily  |>lac<'(l.  With  \hv  vxvv\)\un\  of  a  ffu  gini-ra,  thi* 
palpi  f  »f  al!  arr  i-xcriMlingly  nniall  and  ri^id.  Thi'  i'V<  ^  an*  snjall 
antl  Hituati'ri  at  Xhi-  hasp  of  tho  rostrum.  *V\iv  ant<»nna*  png^ct 
fn»ni  th<'  sidc.N  of  thf  roi-tnun.  in  ><»ini*  HjHcir.H  n<'ar  th<*  a}H'X, 
in  ijthcrH  not  far  from  thr  Imn*.  *Y\\v\  arc  all  nion*  (♦r  h>s 
K«'ni(  uiati*  and  <'f»nHNt  of  an  <*Ion>»ati^  ha^al  M']L?nif*nt  f»r  h'ujh' 
and  hi\or  hvxvw  Ann^  H-jL'ini^nt.  ti  rniinati  fi  l^y  a  thri  r  or  four- 
jointed  <lnh.  Thv  prothorax  i^  will  dinflfipirl  and  <'ltiH'lv 
artirnlati-d  ;  tht*  ahfiorm  n.  whwU  i^  lar^f  and  thit-k  M-t.  \h 
ri>rnph'trly  covfnd  hy  tin-  ntrttly  tiftinj.'  rivtra.  *V\xv  wingw 
an-  aniplr  and  niurh  ut ni  by  a  nunihir  of  >pt'f'ii'j..  'VUv 
an*  of  niiMiirali*  hnjuith  and  ofti  n  hav<*  fhr  api  x  of  fhi*  finnir 
?*Wf^llrn.  'Vhv  iav^x  arv  appan  ntly  fotir  jt tndi  d .  fli*'  hai^al 
tlinr  nithrr  lljitlinrft,  an»l  th«*  ihini,  a-  a  rulf,  bilohid  ;  thf 
fourth  jfdnt  is  rh^n^atr.  *Vhv  nmlvu  nyv  uU*  %\  f-niallrr  than  \\w 
fi^rnali's  and  in  a  runidH  r  uf  l  a  i  ^  niiiy  \tv  fliMingui^^ht  il  hy 
Hinnv  rhararti  r  of  \\u*  forr  li/ij;**. 

Thf  lifr  hi^tori*  ^  of  a  rf»nHiflf  rahlf*  nundn  r  of  ^picii  H  hav<* 
iHM'n  uorki'd  out,  and  it  han  hii  n  ffHind  that  thi*  v\i^f^.  an*  of 
t  wo  tyjH'H  :  thoHi*  laid  on  th«'  out^idi*  i»f  a  plant,  and  tlionf*  laid 
in  fh<'  phmt  tii^HutH.  Th«*  i^%\Hmvt\  v)i\*h  nxv  UHiially  Hnmll, 
oval,  nniooth  and  hard,  whih*  thi-  ronn  ah  d  oni  n  ari»  im»ri* 
<dongut«'  antl  hoft.  A  ron*  ith*nd>h*  ntunhi  r  an*  laid.  M  attrrrri 
nUnii  tnw  nvvvrnl  |»lanlM.  Thi  ri-ultinj/  larvii*  an*  huU, 
vvhitc\  Iviilvm  grtdiH.  uith  a  fi*  ^}iy  Inidy,  ^li^ddly  (nirvi  rl  and 
thii-ki  ni'd  ponti riorly  ;  thf  hiad  t'%f^.fru-t\  and  iiHuiiHy 
Immn  in  luUmr,  7hvhv  larva-  Hvi*  in  and  on  al!  pntiH  of  Ihi* 
jdantH,  fi'**din^  nn  \hv  ii^mv^*  [  n*c»t*^.  Ii  avr>.  ^ti  tm,  ffrmwH, 
iMidn,  tvii^'H  and  fruit  ntv  all  attafki  tl  hy  Htmi*  f»r 
iinothiT.  Pupation  takin  phuv  in  th«*  inajority  of  t-im^a  in 
th(«  plant,  htmu*  hih  vU  ^  forming  rtHuum^  of  tihuim  ttmUrml, 
othiTO  jtiHl  f-nrlfi^^iniJ'  ii  rhamhcT  in  thi*  jilitnf  tif^NUi*. 

Hoini*  of  tht«  ro«*i  infiHtm^f  hirva*  pnpati*  uuiMtU*  tin-  root  in 
iimium  nmty  of  i-art}!.  uhtlr  many  whith  Unl  ♦*xf<*nmlly 
form  cam*H  of  mvrvtm  ui  or  ii  gtimmy  M-vn  tum  hum  thv  mim. 
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duration  of  each,  stage  varies  according  to  species  and 
atic  conditions.    While  some  only  complete  one  life  cycle 

year,  others  are  many-brooded  and  continue  breeding  as 

as  suitable  larval  food  is  available.  Hibernation  most 
tnonly  takes  place  in  the  larval  and  adult  stages,  the  latter 
e  particularly,  in  the  case  of  one-brooded  species.  The 
ts  are  very  active  and  may  be  found  on  all  kinds  of  herbage 
trees.  Some  only  feed  at  night,  while  others  are  diurnal 
abit.  It  is  thought  that  one  species  may  possibly  be 
aceous  ;  but  all  the  rest  are  undoubtedly  herbivorous, 
[-e  are  aquatic  species,  the  adult  swimming  in  fresh  water, 
y  species  very  successfully  sham  dead  on  the  approach 
^nger,  drawing  the  legs  and  antennae  close  up  to  the  body 

falling  off  the  plant  into  the  surrounding  herbage,  which 
.ers  it  difficult  for  them  to  be  found. 
i.e  larvae  of  a  number  of  these  beetles  are  chosen  as  hosts 
nany  parasitic  insects,  and  the  adults  are  eaten  by  birds 

predaceous  insects. 

Lthough  some  work  has  already  been  completed  on  this 
ly  both  with  regard  to  classification  and  bionomics,  much 
remains  to  be  done.  Some  of  the  sub-families  have  been 
ographed  in  Oenera  Insectorum  by  Bovie,  Lea,  and  Wagner, 
ascs.  70  (1908),  71  (1908),  89  (1909),  98  (1909),  130  (1912). 
jner  also  lists  the  species  of  the  Apionince  in  the  Berlin 
Jogue.  Fowler  gives  descriptions  of  the  460  British 
les. 

Qonomically,  this  family  can  be  ranked  among  those  of 
greatest  importance .   When  one  considers  the  vast  numbers 
)ecies  and  the  herbivorous  habits  of  all,  it  is  easy  to  realize 
serious  a  menace  to  agriculture  the  family  as  a  whole  can 
It  is  chiefly  in  the  larval  stage  that  the  greatest  damage 
me  ;  but  some  adults  are  also  very  destructive.   As  already 
tioned,  no  part  of  a  plant  is  free  from  attack,  and,  feeding 
sealed  in  the  tissues  as  many  of  the  larvae  do,  it  is  difficult 
radicate  them.    The  foHage  of  trees  is  eaten  by  several 
ies,  particularly  those  of  the  genera  Attdabus  and  RTiyn- 
s,  the  adults  preparing  a  case  for  the  protection  of  the  egg 
larva,  by  cutting  nearly  across  a  leaf  and  rolling  it  up 
a  neat  tube  or  funnel  in  which  the  grub  feeds.  Whole 
I,  particularly  oak  and  birch  in  this  country,  may  often 
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Ik*  Hfen  trcatfti  in  tluK  way.  VarifMiK  tonifiTciiKH  trf*<*s  uro 
injiin^i  l>y  tht*  rnvnjurK  (^f  nonif  ^.jM'cics.  Mairv  fruit  irvvn  an» 
injurt*<l  in  souk*  maniiiT  l»y  rithi  r  larva*  or  a<lnlt<»^.  AHihahnmns 
ptnn(*riun  <1<m*k  a  \iYi'\i\  t!**al  of  daiiiag**  to  aj»j»l«'  trri*?^  in  Anic^rica 
and  Kurojw. 

Anthontmiits  fpajmlis,  the  notorious  "Cotton  Boll  Wt'fvil/' 
<loCH  hann  to  tin*  fruiting'  of  tin*  rotton  jilant.**,  cau,*^ing 

^n  at  Io]hh  of  rn^p.  Thi  rr  an*  alM»  uri  viln  of  otlar  giiK^ra 
which  attack  cott<in, 

S|M*('ifs  of  the  gcnUH  Apitm  an*  M-riou?^  jM.^tN  of  many 
Ic^uniinoUH  fmlili  r  i'r(t\i^, 

StoriMl  grain  is  attarkcil  hy  the  gi  ntiH  CtiUindrti,  v^yi,s  hi  ing 
hiicl  in  individual  grainn,  of  wliich  the  iriNidi*  \h  i*at«n  hy  the 
rcNidting  hirva. 

There  an*  many  other  genera  eontaining  >\ni  'u^  f»f  eeoncanie 
ini[if»rtanee  to  VitriouM  eropM,  ete.  :  ("r»tttin,  a^  wi  ll  an  heing 
attnekecl  hy  the  notoriout»  Aafhufttmuts,  i*  alnu  infected  hy 
AU'ititH,  ('lmk(Hltrmith  anil  Pnnp/iirt^.  The  fotlih^r  erojm  aru 
infented  hy  Apitfft,  Hijiam,  iiit/tommtnii.^  and  SiftmfH-,  fruit 
IreeH  l>y  HnUuiinuf^,  CuiitHit  M^  t  '(mttttarhdus^  (  Wijpiutfnjnrhm^ 

( 'mpituin^,  l^lujlftinuH^  P/ii^lhlfitif^,  JUttpirhih^,  Ithynrhtphtmi^^^ 
(Vrealn  are  attacked  hy  Spfufutphfnt^^  KjtffphthabuHM,  ant! 
LiHrnrtioptruw  CruciferH  an*  injurid  hy  IhtrtpitftnH,  (^iuUtr 
hytivhuM,  and  heet,  j«itati»»  f*ti*.,  hy  ('htmuM^  Ik^^ianthn ,  Ct/hn^ 
Tanymirua  an«l  Trirhuhni*^,  tJ,nis  U  injtirinii**  t«»  rhuhiirh, 
and  Haltifif*(jiiMfri^  to  kohi  r$»t. 


Srui.YTllM;  ilpido,  l*lntypuUi), 

liark  horerH. 

Hcmtrum  »hort  or  ubni'nt.  Anfi'ima*  ^hort,  tflhowt^di  and 
clubb^cL  Anti^rior  roxie  cimtiguoyi^.  Tiir^i  vsirlsible,  Inst 
joint  long. 

Ahfiui  IJim  ¥i\winvn  are  eontninf**!  in  \\m  family  :  they  nre 
wifh»ly  dktrif »uti*d  throtighnut  the  wnrid.  |iartteidarly  tlie  greftt 
forest  areai^. 

Thf^y  arc*  uH  mmW,  cyiindrieal  inf^etij*.  difleriiig  frniii  lh0 
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Cnroulionidce  inasmuch  as  the  rostrum  is  very  short  or  often 
practically  absent.  Their  colouring,  as  is  usual  with  most 
wood-boring  beetles,  is  dull  black  or  brown.  The  head  in 
some  species  is  prominent ;  but  in  others  it  is  partially  covered 
by  the  hood-like  formation  of  the  thorax.  The  antennae,  which 
are  inserted  on  the  sides  of  the  head,  are  elbowed  and  strongly 
clubbed.  The  rostrum,  if  present  at  all,  is  short  and  broad. 
The  mandibles  are  short,  curved,  and  more  or  less  toothed 
on  their  inner  side.  The  thorax  is  well  developed,  seldom 
narrower  than  the  elytra,  and  often  much  sculptured.  The 
elytra  cover  the  abdomen.  The  legs  are  compressed,  moder- 
ately stout,  with  the  anterior  tibiae  invariably  denticulate 
or  crenulate  on  the  outer  edge,  and  the  last  tarsal  joint  long 
and  furnished  with  simple  claws.  The  anterior  coxae  are 
contiguous. 

The  larvae  resemble  very  closely  those  of  the  other  families 
of  the  Rhynchophora,  with  the  difference  of  a  slightly  longer 
head  and  more  strongly  developed  mandibles.  They  are  all 
much  alike,  with  the  exception  of  that  of  Platypus,  which  is 
more  elongate  and  terminates  in  a  short  spine. 

The  mode  of  oviposition  differs  from  that  of  the  other 
Rhynchophora,  in  the  fact  of  the  female  entering  the  wood  or 
plant  tissue  to  lay  the  eggs,  whereas  the  rest  of  the  Ehyncho- 
phorous  families  lay  the  egg  from  the  outside  of  their  chosen 
food. 

The  majority  of  species  in  this  family  are  borers  in  wood 
and  bark,  on  which  some  of  them  feed.  Some  of  them  live 
on  the  fruiting  bodies  of  certain  fungi  which  grow  in  the  borings 
and  are  said  to  be  cultivated  by  these  beetles .  A  few,  belonging 
to  the  genus  Thamnurgus,  live  ia  the  stems  of  plants  such  as 
Euphorbia,  Delphinium,  etc. 

The  habits  of  these  beetles  are  of  great  interest  and  well 
worthy  of  notice.  Some  species  are  monogamous,  others 
polygamous.  In  the  former  case  the  female  prepares  the 
first  bore,  and  after  mating,  makes  numerous  tunnels  at  right 
angles  to  her  first  bore,  laying  an  egg  in  each.  The  male  never 
enters  the  nursery  tunnels.  In  the  latter  species  it  is  the 
male  who  makes  the  main  boring,  from  which  his  numerous 
wives  make  other  bores,  and  tunnels  out  of  those  again,  in 
which  the  eggs  are  laid.   These  latter  tunnels  often  leave  the 
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bark  and  extend  right  into  the  wood.  The  species  of  Trypo- 
dendron  have  this  habit.  In  some  species  the  system  of 
tunnelling  is  very  complex. 

There  is  a  monograph  on  the  family  by  Hagedorn  in 
Genera  Inseciorum,  Fasc.  Ill  (1910),  A  list  of  the  species  will 
be  found  in  the  Berlin  Catalogue. 

The  fifty-three  British  species  are  dealt  with  by  Fowler. 

This  family  is  one  of  great  economic  importance  owing  to 
the  timber-infesting  habits  of  its  members.  Not  only  old  and 
weakened  trees  are  damaged,  but  vigorous  and  healthy  trees 
are  also  attacked.  Fruit  trees  also  come  within  range  of  their 
destructive  powers  :  Xyleborous  dispar,  the  Shothole  borer," 
being  a  familiar  instance.  The  other  chief  pests  are  contained 
in  the  following  genera  :  Cryphalus  and  Platypus  attack  apple. 
Hylastes  breed  in  stems  of  clover.  Scolytus  and  Phlceotribus 
attack  plum  and  peach.  Hylesinus  and  Hypoborus  attack 
olive  and  fig.  Stephanoderes  and  Xyleberus  are  injurious  to 
coffee  bushes. 


AGLYCYDERIDiE. 

Head  short,  very  broad,  triangular,  broader  than  apex  of 
prothorax.  No  rostrum.  Antennae  long,  eleven -jointed. 
Legs  short  and  stout.   Tarsi  three -jointed. 

Both  this  family  and  the  next  are  very  doubtfully  Ehyncho- 
phorous,  and  seem  to  have  been  placed  there  for  want  of  a 
better  or  more  correct  position. 

There  are  only  a  few  species  in  this  family,  and  they 
occur  in  New  Zealand,  New  Caledonia,  and  the  Canary 
Islands. 

The  head  is  very  broad,  short  and  triangular  and  is  not 
produced  into  a  rostrum ;  it  is  broader  at  the  base  than  the 
prothorax,  which  is  very  round.  The  anteimse  are  long  and 
somewhat  moniliform.  The  legs  are  short  and  stout,  with 
three- jointed  tarsi. 

There  is  uncertainty  as  to  the  habits  and  life-history  of  these 
beetles ;  but  one  species  is  believed  to  live  in  the  stems  of 
Euphorbia. 
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PROTEBHmiDiE. 

Elongate,  oval.  Head  sub -triangular.  Eyes  very  pro- 
minent. Antennae  long,  slender.  Legs  stout ;  tarsi  three - 
jointed,  second  joint  lobed. 

This  family  is  made  up  of  one  genus  containing  about  120 
species  confined  to  the  Hawaiian  Islands. 

As  far  as  general  structure  goes,  they  certainly  have  more 
right  than  the  preceding  family  to  be  placed  in  the  Bhyncho- 
phora,  as  the  females  in  particular  have  quite  a  distinct  rostrum. 
They  are  small  and  somewhat  elongate,  plumose,  and  marked 
on  the  elytra.  The  head  is  of  moderate  size  and  sub-triangular  : 
bearing  very  prominent  eyes  and  long  slender  antennae,  which 
have  the  apical  joints  slightly  thickened.  The  males  have  the 
head  only  very  slightly,  if  at  all,  produced.  The  sides  of  the 
pronotum  are  rounded.  The  legs  are  stout,  particularly  those 
of  the  female,  with  three-jointed  tarsi,  the  second  joint  broad 
and  lobed,  and  the  terminal  joint  long.  The  early  stages  of 
these  beetles  are  not  as  yet  faiown.  The  adults  live  in  dead 
wood  in  forests. 

There  is  a  list  of  the  species  in  the  Berlin  Catalogue. 

Sub-Order  III.  LAMELLICORNIA 

Tarsi  five-jointed.  Apical  joints  of  antennae  expanded  on 
one  side  to  form  a  closed  or  open  club. 

Four  families  are  contamed  in  this  sub-order,  one  of  them 
being  of  economic  importance. 

Passalidje. 

Flattened.  Antennae  pectinate,  not  elbowed.  Labrum 
large,  mobile.   Pygidium  covered  by  elytra. 

This  family,  which  contains  about  500  species,  is  confined 
almost  entirely  to  the  tropical  regions  of  both  the  Old  and  New 
Worlds.  One  species  only  occurs  in  the  more  northerly  portion 
of  North  America. 

They  are  of  moderate  to  large  size,  and  show  very  little 
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variution  in  goncnil  a})|H»araiH'(%  all  having  it  cliarartiriMir 
elongntc-ohloiig  sha{)(\  (IfproHKecl  form  aiul  uniforiii  hhick  <»r 
brown  oolouriiii;,  inon*  or  l(*.^s  ?ihiny.  Tla*  dvtra  ari'  nsjirk«'<l 
with  a  numlxT,  usimlly  ton,  of  <lf(*p,  longitudinal  liiirH.  Tht- 
lirati  in  larg(»  and  in  luanj  s|>i'ci«'s  lian  a  rtiggrnl  aji[Haranr<* 
al><>V(\  TIh'  antciuui\  vvhm  not  in  uho,  an*  foklrd  )mvk  nmUr 
ihv  hviiil.  Tlu^  prothorax  in  broad  niul  loohidy  a|i|jli<'tl  to 
\hv  ni(*Hot  horax  ;  tlu*  (*!ytru  covt^r  tin*  hImIuiih'Ii  vtmiphU^ly. 
I'lio  U%H  an*  Htrong,  with  the  fon*  ii\inv  ]mn%iU'tivtl  mid  t(Hithr«i, 
well  littcTi  for  digging:  tin*  |H>Htf»rior  lf*gH  i%rv  iiiorf  KhiiiliT 
aa<i  Ium*t  he  tibia*  hairy.  T]w  niidor  mlv  uiihv  bcidy  it-  clotlH'd 
with  hair.  Thon*  in  no  (»xtoriml  htnictura!  diffm  iirt*  Ix-tuii  it 
the*  HfxcH»  th<^  man(ii()li»s  of  tUv  innlv  iu»t  IxMiig  i^nlargrd  hh 
in  tli<*  Luraniil(i\ 

TIu*  larvjf  an*  worthy  of  nott*,  both  on  amaint  of  thi*ir  f<trur 
tun*  antl  luibilH.  Tluy  hnvc  thi*  liiNid  Hniallir  and  an*  tmn* 
Hh*ndiT  t  han  th<*  Lnoanid  !arvii».  *V\iv  fori*  and  iniddli*  |)air  of 
U»gH  ar«*  moderately  lung,  but  tlio  hind  jiair  are  j^bort  #in<l  of 
}*<*euliar  formation,  having  a  vrry  mvnW  v%>%m,  and  a  tnwhnntrr 
abont  tinu'K  its  h^ngtli.  In  h  fi'W  vrnx^H  Wmv  itxv  rhiw?*. 
The  triK'ljantcr  in  niodi(ie<i  U>  foria  a  Ktratohing  iM^truiiirnt 
on  a  Htriduhtting  an^a  on  tin*  ooxa*  of  th«*  nii«idlr  pair  cd  h'gi^ : 
l)oih  hirvje  uiul  atfultn  atridtihiti*  very  often. 

The  family  life*  of  thene  boetlen,  an  (dwerved  by  fjlinii«. 
in  very  iutereHttag.  '^riu*  parent  bei'th*H  live  uitli  the  young 
larva*  in  tunadn  in  rotting  KtnnipiH*  the  adiilti^  bitiog  ♦>fl  tli«* 
wood  and  elj(*wing  it  into  a  soft  conditit^n  for  tlieir  ytairig. 
whone  jhwh  ihi  nf>t  neein  to  he  i^tn«ig  liiongh  to  ennlih*  them 
to  gnaw  it  for  thenwlvoH.  It  in  proluilih*  tiutt  a  digej^tivi* 
Heeretion  in  niixed  with  tht*  food  l>y  the  aclnhi*.  Ktiti  uhitt 
the  yomig  raHHali{In  have  riwlied  maturity,  their  pannti^ 
for  H  tini<»  eontimie  U)  feed  them.  Thi*  poutr  <if  ^trtflidaling 
poHHeHHed  by  both  hirvn»  and  udultH  in  jMiHrnbly  of  tt«»  in  gaiding 
the  hiTva*  bai*k  to  ihfir  pjirentH,  nlioidcl  t  hey  hy  i^urne  laiHifhanef 
h(*ennH*  Hi*jmnited.  Thin  |)OHt<ibility  in  h<*ighteiH*tl  hy  tijo  fuel 
of  the  lnrva»  having  no  traec*  of  eyi*H.  (iravoly  (l!II4  HllH) 
in  the  mo^^t  reeeat  authority. 
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Labrum  small  and  fixed.  Antennae  elbowed,  with  a  fixed, 
pectinate  club.  Mandibles  strongly  developed  in  the  male. 
Pygidium  covered  by  the  elytra. 

This  family  of  large,  fmc-looking  insoclH  contains  soni<* 
750  species  fairly  widely  distributed,  hut  chiefly  in  tropical 
countric^s,  a  great  numl)er  of  Unm  being  found  in  tlu^  Indian 
and  Indo-Malayan  r<*gion. 

Th(\v  nre from  mod<Tat(^  to  large  si'/(s  many  of  them  attaining 
a  h^ngtli  of  four  inches  and  over.  Their  shajH^  is  ol)h)ng  arid 
sonu^what  flattened.  The  colouring  is  g(»nerally  a  uniform 
})Iack  or  l)rown,  but  some  species  wear  a  very  striking  uniform 
of  black  and  shar])ly  contrasting  l)right  brown.  They  arc^  riot 
as  a  rule  very  shiny.  Th(»  gn»atly  <*nlarg<»<l  mandibles  of  th<^ 
males  (^aus(^  them  to  b(»  vctv  c^asily  re<'ognize<L  Tiu*  lu'ad  is 
larg(%  with  mofhTately  long  ant(*nna%  which  are  <*Ibowc(l  and 
bear  a  four-jointed,  |)ectinat(*  chih.  Th(*  <^y(*K  of  many  sp<»ci(»H 
are  divided  by  a  ridg(s  the  larger  portion  being  below.  Th<^ 
h'vm'  of  th(*  head  and  mandibles  vary  gr(*atly,  somer  males  b<»ing 
found  with  mandibhrs  scarcely  larger  than  thoK(^  of  the  fenuile. 
The  hc»ad  of  the  larger  specni^s  is  hroa<hT  than  th<^  thorax,  arul 
in  som(*  cases  as  broad  as  tln^  elytra.  In  the  ftrmale  th(*  head 
is  usually  mtu^h  narrower  than  th<^  thorax,  and  bears  short  but 
stout  mandibles,  stronger  and  of  greater  uhc^  than  those*  of  the 
male.  The*  elytra  cf)mplet<*!y  cover  tlu*  abdom<*n.  The*  l(»gs 
are  nHHl(»rately  long  ;  th<^  anterior  pair  ar(^  often  tf)othed  on 
the  tiJ)ia. 

The  larva*  are  Iarg(%  white,  fat  grul)H;  that  of  Liiranu^ 
cervw,  a  British  siK»ci(»s,  may  bc^  tak(»n  hh  a  typi(!al  (»xampl(». 
It  is  white  and  almost  cylindrical,  witli  a  conH|)iciouK  brown 
head,  short  antenna*  and  strong  mandibl(*s.  The  Ic^gs  are 
mod(»rately  long.  Th(»  apical  portion  of  tlu^  body  is  (curved 
and  the  last  segment  is  slightly  smaller  than  the  pr(^ce<ling. 
J^upation  takes  place  in  a  cocoon  formed  of  cMpn  and  wood 
(lust.  The  larval  period,  which  lasts  for  three  or  more  y(*ars, 
is  s|>ent  in  decaying  tree  trunks,  the  insect  feeding  entirely 
on  the  wood  and  occasionally  attacking  the  roots.  Tlu*  adults 
are  also  v(*getable  feedc^rs,  and  may  sometimes  be  found  eating 
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tin*  t\xu<iing  sap  of  tre-r.H.  Thr  iiiuli  s  in;iv  ofti  n  hi*  swu  un  tho 
wing  diirin^^  warm  huuiiiwv  rvrii'ui^--. 

A  list  <»f  the*  j^piTi*',H  by  i\.  Vnii  liinni  is  to  fouinl  in  ihv 
Berlin  Calah^^^in*. 

'I*lH*n*  urr  only  two  liritish  N|M<iiH.  on<-  tlti*  loinnion 

and  w<*l!  known  '  sfai^'  bfi'tli'."  an<i  tin*  otliiTf  uually  coinrnou 
hut  loHM  grnrrally  kn«»wn. 

SiNooKNniun  i:. 

Compk'tdy  cyHiulrical.  Antenna*  short  aiul  Httnit,  with 
pectinate  chih.  Mandlhk*^  short  in  both  nvxi*H,  Anterior 
part  of  thorax  nearly  vertical.  Lcftn  Hh«>rt,  rohunt  ;  femora 
hardly  vinifok*  beyond  elytra.    All  coxa*  contlj^uoufi. 

T\u*  it  w  NjM'cii  H  ninkini^  up  thi^  faniiiy  hh' <  i>ntin«Hi  to  KurujH* 
and  North  America.  I'ntil  ri'iintly  thi-y  wvrv  inrhifl<'«l  with 
tht*  l,Hnmiita\  hut  an*  tlilfi-n-nt  in  Htrutturi'  thai  it  ban 
s(*oni<'<l  rruHonahk*  to  Umn  a  i^i  parato  faniiJy  of  \hi*m, 

Thi'V  nri*  nil  of  inodi^rafr  i  m\  r  on^pl*  ti  ly  <  ylintlrirah  bhtrk» 
not  vrry  ^hiny.  hut  u*^ually  tliii  kly  punc  turi-d.  Tbi*  anf  enuji* 
are  j^bori  nn<!  fairly  tbirk,  wilb  a  fwrtiriali*  cbib,  but  an* 
not  fdhowi'd.  Tin*  nianilildrH  ar«*  not  vuhir^i*i\  in  fitbiT 
and  arr,  in  far  t,  virv  nhort  and  ffmnakd  by  tin*  bmd. 
Tbi'  anfi'rifir  portion  of  tlir  tbf*rax  i-*  of  turioun  formation, 
bi'ing cut  oil  very  .»harply  at  an  anj^'b^  of  .so  ;  \hv  angk*  in  not 
ho  well  dcbnrd  in  th*-  b  niribs  <  hi  tbf  frf»nt  of  the  b«  ail  the 
niab*  bfarn  a  fairly  buij.',  ^toul  born,  uhirb  in  tbi^  fcnuile  h 
only  reprct^i  ntcd  by  a  -juall  tutirn  b  .  Th*'  i  lytra  arc  ^frongly 
ptujciun^i  and  coniplf  ly  i  uwv  tbi*  abdiinaii,  T\w  b  gn  arc 
nliort  and  htout.  with  tb«*  frniora  Mar*cly,  if  at  all,  visible 
iH'Vond  tb<*  elytra  :  a  rbarm  ti  r  wbii  1»  in  u.^«*ful  btr  rc<  o)y:nition. 
All  flu*  vitxn*  an*  contij'uouH. 

The  larvic  arc  nu^rc  ^^jf  iulir  tluin  Xlum*  of  tbc  Lumnidw, 
narrowing  toward  tin*  anal  r3^triinity%  wbbh  iUhh  not  ctirvc 
under  m  h  fbaractiriHtif  of  tb«*  I,urani«ii^.  The  bead  if*  Honie- 
what  ^*nuitk  All  ^inuy^'  umy  \iv  hmiiA  in  n*tlin|.*;  j^tunipM  and 
di'caying  tn-CN,  partic  ularly  a^b  ami  wilbm  .  Tbcy  are  ntdcbmi 
known  to  attack  vigorfui^  ami  btaltby  trie**.  There  in  one 
Britinb  MjjicieH,  mentioned  by  Kowb^r. 


OOLEOrrKRA 


Dung  l)C(4Ics  and  (*haf(Ts. 

Convex.  Size  very  variable.  Lamellic  of  antenna*,  movable, 
co-adaptable.  Antennae  seven-  to  eleven -jointed,  variable, 
first  elongate.  Pygidium  usually  exposed.  Six  visible 
sternites.   Legs  usually  fossorial. 

This  is  a  very  largo  family.    J  Is  nK'nilxTS  an*  vvvy  widoly 
(listril)ute(l  through,  chii^fiy,  tropical  rcgionn.    it  is  (livi<lc(l 
into  t  wo  main  suh-famili<»K  ;  t  h<*  Hcaraha'huv  and  t  h(»  Mdolov 
thhuv.     T\w    Melolovth  hur 
hav(^  been  chisscd  f)y  some* 
auihornaK  a  H(»parat(*  family. 

Thf^  Scarahd  infv  ar<»  small 
to  largo  insects,  sombrely 
coloured  as  a  rule,  hut  in 
some  tropical  sjK*ei<»8,  ni(*tal- 
lically  coloured.  Thf»y  an* 
convex,  oblong  and  Ihick- 
Hi'i,  The  hc»ad  is  Iarg<»  nn<l 
projectH  forward,  plHt(»-wis(% 
concealing  th(^  mouth-parts. 
The  mandiblc»s  are  short  and 
stout.  There  is  often  a  horn 
or  H{)nio-hko  process  on  tli<^  (SmmhwAila)    (  >\  \.) 

head.     The   antennae  arc5 

seven-  to  (»k^ven- jointed,  w^itli  th(^  first  joint  long  ari<l  th<^ 
lameihe  of  the  club  movabh?.  The  prothorax  is  large  and 
often  tiears  horny  projections.  The  elytra  are  hard,  scmie- 
what  rough,  and  l<»ave^  the  pygiflium  (exposed.  Tiie  legs  ar<^ 
long  and  stout,  well  adapted  for  digging,  with  the  tibia* 
broadenc^d  and  spincnL  The  tarsi  an^  slender,  and  absent  in 
the  anterior  legs  of  nonie  larg<^  Hpe(ji(*s.  There  ar<5  six  visibhr 
v(^ntral  s(»gments.  The  abdominal  KjnracU's  arc  all  covercil 
by  the  elytra. 

Both  larva*  and  adults,  with  f<^w  exe(»ptions,  live  in  or  near, 
and  feed  on,  <hmg.  Some  feed  on  d(wl  am'mal  matter.  Scmi<* 
species  collect  dung,  form  it  into  balls,  roll  them  along  the  ground 
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and  in\u'  thrni  (l(»\vn  into  tin*  ^nmnd.  wImh-  thry  fnnn  ihv 
foori  Hui>ply  t»f  \hv  larv;i'.  Thv  Hat  hhapi-d  1m'h<1  is  uf  gn-at 
s<Tvir<»  in  cli^.')j:in^'.  nioiildinfi  and  rullin^'  thf  tlun^'.  OtluT 
M[M»fi<s  liv<*  in  htuTow.s  undw  thiu^  nmf^^^'t^,  packing'  tin*  Imrrows 
with  th<»  tlnn^  Wiry  havr  rarrii  d  ih>\vn.  nrv  lai<l  in  tlnw 

Hton^s.  on  whi<'h  th*'  larva>  ff-rti.  Thi*  atlulth  alM>  frt-d  i»n  dung. 
Thc'V  havr  lurg(*  \ving>*.  and  in  many  ra.M  .>«  niay  hi*  ^in  n  in 
tliglit.  f*upatic»n  takr^  plati-  in  Ihr  hmTfm.  Fahn*  fiiw^  nn 
c'X('(dI(»nt  act'fHint  of  IIm-m*  iMi-tli  h 

Thi*  MrhUfuihintf  may  bi*  di^tinj;ui-lii  d  frunj  thf  .sVrim- 
htrintv  by  having  on<*  or  thrn*  abfiomina!  .HjiirarI<\H  vinhh* 
h<dow  X\\v  idytra. 

Thi^y  nn*  niojh  rati-  to  hirgr  >*i/<'fi  in*^«  «'th,  thic  kM  t  and 
i)h\ou\i  in  ft^nn,  with  thr  hrad  wnalli  r  than  in  thi*  Smmhtrimv 
and  not  prodm'fd.  Th<-  thorax  in  largr  and  roumhul  ;  hoth 
hrad  and  thorax  of  j^onM*  .^iMcii-^,  iHjiifially  tlii-  inalo.  hav<» 
long  or  nhort  horny  prf^r^^H•H.  Thv  anti  rior  Irgn  arr  c»ft«n 
hnmdrm»d»  and  widl  adaptr«l  for  fhgging  in  thi-  ndh  Thtw 
am*  Hpim»H  on  thi-  poMiTior  Ifg^.  Th«*  wingK  an*  largi*  ami 
ofti^n  UHCfl.  Many  f^lrifhdati-  hy  ruldiiim  on«^  portion  f»f  the 
h<»dy  agaiuht  anothi  r,  a  liahit  aln*  pt»*^M  ^m  i}  hy  many  of  th<» 
Hrarahtvintr,  Many  ^♦iH'rii  h  an^  hrightly  rtihmn  d.  h  vi  ral 
hrilliantly  ho  ;  oth<•r^*  an*  nton*  ^ornhn-  in  hrown  or  hntf. 

Th<^  larva*,  wliirh  in  many  raMt**  rr'^tinhl**  thf»H*  of  ihv 
Hatmhtiimr,  »n»  nift.  whitf  gruhn.  with  tiirvrd  hf»dif*H  iiml 
iipirnl  Hi»gm«*nt  Him<*uhat  hwolli-n.  Thr  hgn  an-  of  varying 
length. 

Thr  MrhUmihini  pn»jH  r  an-  th«'  C'oi  k«  hafi-rn.  whirh  an* 
iiHually  dull  ( olonn-fl  inHi*  Th«  y  an-  not  tiirnal.  ofim  flying 
at  night  and  finding  r»n  h  avi-^  ami  Howtrn,  Tin*  dingy  whiti* 
hirva*  hvi*  in  tin*  noil,  frrding  un  plant  rt»ot-.  Thry  pnpati*  in 
(•i*11h  in  tin*  *^o}!. 

Thi*  HnUlini  an*  rhii  fly  trojiiral  H|i€'rjrH.  ofli  ti  hrillijuitly 
rolfmrnl.  Th<*  hirva*  fi-i**l  on  nm\^  and  Xhv  mh\\%n  on  \hv 
foliagi*  of  variouH  jdarit*^ 

Thf*  Ihpm^ini  nrv  m  ar!y  all  largf*  Mjn  tdf  t.,  mmw  of  tht  m  hidng 
tho  giantH  of  ih**  UvXXv  world.  Th«*  inalit*  of  Hi*%i'ral  i^jMcitH 
havi*  ctirtouN,  long  or  ^hort  horn^  ut  prm^t  i*?^rH  <in  thi*  hrad  mid 
pn>thorax.  Hn-y  nn*  not  m  n  rult*  hrightly  ntlimn  d.  Thi4r 
larvii^  liv**  in  <»ld  tn-i^n,  iit  rotting  vtgitnhl**  rimtttr  und  in 
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plant  roots.  The  pupa  is  enclosed  in  a  hard  case.  The  adults 
live  on  plant  tissues. 

The  Getoniini  are  moderate-sized  insects,  and  many  of  them 
have  very  beautiful  colouring.  They  are  somewhat  flat  in 
form.  The  males  of  some  species  have  protuberances  on  the 
head  and  thorax.  They  are  diurnal  and  often  found  on 
flowers.  The  larvae  live  in  decaying  vegetable  matter  and  in 
roots. 

Many  sub-families  of  the  Scarabceidce  have  been  monographed 
by  Schmidte  in  Genera  Insectorum,  Tasc.  150  (1913),  and  also 
listed  by  him  in  the  Berlin  Catalogue.  Dalla  Torre  lists  the 
Melolonthini,  Gillet  the  Goprini,  and  Schenkling  the  Getoniini 
in  the  Berlin  Catalogue.  Gen  Ins.  Fasc.  110  (1910)  and 
7  (1902),  also  deal  with  this  group.  The  eighty-two  British 
species  are  listed  by  Fowler. 

The  habits  of  the  Scarabceince  render  them  of  good  service 
to  the  agriculturist,  as  they  carry  down  into  the  earth  manure 
which  might  otherwise  be  washed  away,  dried  up,  or  in  some 
manner  wasted. 

The  other  sub-families  are  in  many  cases  injurious  :  their 
larvae  damaging  the  roots  of  various  plants  and  trees,  the 
adults  attacking  flowers  and  foliage.  Wheat,  rice,  maize, 
sugar-cane,  etc.,  are  often  attacked.  The  adults  of  some 
species  eat  the  foliage  of  vine  and  oil-seed  crops.  Coco-nut 
palms  are  attacked  by  species  of  Oryctes :  the  beetles  eating 
down  into  the  growing  point  of  the  palm,  often  causing  it  to 
die.  The  genera  containing  the  more  important  economic 
species  are :  Apogonia,  Heteronychus,  Ligyrus,  Phyialus, 
Rhapcea  and  Xylotrupes  as  pests  of  cane.  Coco-nut  is  attacked 
by  Adoretus,  Apogonia,  Oryctes.  The  vine  is  attacked  by 
species  of  Anormla  and  Macrodactylns,  which  latter  also 
attacks  apple ;  other  apple  pests  are  Anoplognathus  and 
Mehlontha.  Orange  is  infested  by  Cetonia  and  Phyllognathus. 
Phyllopertha  attacks  crucifers,  and  Lachnosterna  wheat  and 
grass  crops. 

The  eradication  of  these  pests  is  in  many  cases  difficult, 
and  mechanical  devices,  such  as  the  placing  of  various  traps, 
are  often  the  only  methods  which  give  any  results. 


STREPSIPTERA 


STYLOPIDiE. 

Minute  insects,  parasitic  in  the  interior  of  Hemipterous  and 
Hymenopterous  insects.  Prothorax  very  small.  Elytra 
reduced  to  small  slips.  Metathorax  large.  Males  with 
large  wings,  no  cross -veins.  Tarsi  variable,  without  claws. 
Females  blind  and  larviform,  never  leaving  host. 

The  insects  contained  in  this  order  and  family  are  of  most 
abnormal  character.  It  has  been  thought  that  they  come 
nearest  in  structure  to  the  Coleoptera,  and  were  at  one  time 
placed  in  that  order ;  but  on  account  of  their  extraordinary 
characters  it  has  been  considered  best  to  keep  them  separate. 

Four  genera  are  known, 
and  the  species  are  probably 
more  numerous  than  it  is 
thought,  as  theic  small  size 
and  peculiar  habits  do  not 
Fig.  63. — ^Female  of  Dasc^/rtocara  'un-     tend  to  make    them  very 

^jto(teWview)fcomO««>pia    noticeable.   They  have  been 

(After  Pierce— much  enlarged.)  recorded     from  North 

America,  Brazil,  Maraitius, 
and  Tasmania.  All  the  four  genera  are  present  in  Europe. 
They  are  very  small  and  are  parasitic  in  the  bodies  of 
various  Hymenopterous  and  Hemipterous  insects. 

The  males  are  winged,  with  a  very  small  head,  and  sucking 
mouth-parts.  The  antennae  are  five-  or  six-jointed,  sometimes 
branched  or  flabellate.  The  prothorax  is  very  narrow,  being 
reduced  to  a  mere  band,  while  the  metathorax  is  unusually 
large.  Elytra  are  present  in  the  form  of  small,  more  or  less 
twisted,  sKps.  The  wings  are  large,  with  radiating  veins,  but 
no  cross-veins,  and  are  folded  longitudinally  when  at  rest. 
The  legs  are  of  moderate  length,  with  tarsi  of  two,  three  or 
four  joints,  and  without  claws.    They  are  usually  black. 

The  females  are  very  small  and  never  become  other  than 
larviform,  being  like  a  small  legless  maggot,  with  one  end 
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restricted  to  form  a  sort  of  head.  They  never  leave  the  bodies 
of  their  hosts. 

The  larvae,  in  the  first  stage,  are  triungulins,  and  emerge 
from  the  body  of  the  female,  in  which  the  eggs  are  hatched. 
The  triungulin  larva,  which  is  very  active,  reaches  by  some 
means  or  other  the  larva  of  the  host  insect  and  bores  into  the  fat- 
body,  on  which  it  feeds,  subsequently  moulting  and  becoming 
a  soft,  legless  maggot,  after  which  it  feeds  till  full-grown 
and  then  pupates,  still  in  the  fat-body.  If  a  male,  it  emerges 
from  the  body  and  flies  away;  but  if  a  female,  the  larval 


Fig.  54. — ^Male  of  Xenos  from  Polistes  hebrceus.    ( x  12.) 
(After  Lefroy.) 

shape  is  more  or  less  retained  and  it  remains  in  the  body, 
with  only  the  supposed  head  portion  extruded,  by  which  the 
males  effect  fertilization. 

In  some  forms  the  ovaries  open  on  the  dorsal  surface  of  the 
body,  attainable  for  fertilization  by  the  male. 

The  insects  are  not  killed  by  the  parasites,  but  usually 
complete  their  metamorphosis,  and  the  Stylopid  and  its 
host  often  arrive  at  the  adult  stage  together,  when  the 
protruding  portion  of  the  Stylopid  may  be  visible  between 
two  of  the  abdominal  segments. 

The  adult  males  are  short-lived  and  do  not  appear  to  take 


Xf  fias  only  livi*  for  uIkmi!  Iwi  nty  minuti-^,  wUiU'  «♦tlM'r^,  c#f  tin* 
gnniH  StiflojhH  may  vs'ist  fur  a  <iay  <»r  ^t^ 

TIh*  H|H*<»irK  of  Xrnt*^  ntv  v«ry  activ<\  auj|  lly  with  ^rvni 
rapHiity  amon^  fhr  \vu>*ps,  in  th»'  (■♦jIimui  -  «»f  whirh  t  hi-y  lin*«*fi. 
Thi'  nuilf'H  an*  known  to  Hy  hotii  f»y  <iay  anii  by  nii^ht, 
orrHhionHlly  roniinf^  t«>  W^hi. 

'Vhi*  hmvi^  iHiriiHii'm'ii  an*  hi  i  «»f  various  jj:«*n<'ra.  t  «*rtain 
w*aj>ijm,  untl  a  U*^  HonioptrrHn^  indi  c  t*', 

T\w  gfUtiH  Stjfh^ps  |»ara^itiz»-H  of  th<-  |/«nn»^  AndrnuK 

FAvnthns  attach  th<*inH'lvi  H  to  Im  ^  lik*-  lU^mhu  ,  an<t  IlutirUt 
phtitji  to  th<*  linlirin-i.    Xtifnf"  i  hivily  pay  thi  tr  atti  ntionn  to 
wanjm  of  thi*  jZ<*nuw  l*tdi^U\^^^  nnrl  ot  i  a'«i«»nally  to  Spln.r, 

Ah  a  nili*.  only  nn<*  Stylojiid  i?  ih  vi  lo]H  «i  in  iIm  Imdy  i*f  thi* 
hnnt  ;  tint  rnm^H  an*  kn«m  n  of  hi  r^  ui  wlnt  h  tlu  f  «*  «*r  fonr  !iav<« 
h<M*n  foun<l  ;  whih*  ^nna*  of  th«-  I'oli  ti  ?^  ha\*'  i  n  oli'^iT%ril 
to  havr  a^  many  an  tt*n  Xf*nt**-  iti  Hm  in.  r»  r'  i^  tin-  rhii  f 
authority  nn  thin  family.  Prf*>\  i  \S.  S»t(.  .Un  .  ai,  pp.  :j<)l 
;>07  (IIHH),  ami  (hn.  In  ,  I«W.  121  (lUlM. 

Thn***  of  ih«*  |ij;rtt«*ra  t«  rur  in  Uritain.  with  oiii^  nirh. 
ThfV  hiivi*  hiM'n  (IrMrihtil  hy  towh-r. 
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Thrips,  Blasenf  iisse,  Vesitarses,  Fringe- wings. 

Small,  elongate  insects  with  two  pairs  of  narrow  wings 
fringed  with  long  hairs  ;  mouth-parts  piercing  and  sucking. 

Thrips  are  widely  distributed,  being  found  in  both  temperate 
and  tropical  lands.  They  are  recognizable  in  the  field  by 
their  small  size,  the  nature  of  their  wings  and  their  rather 
peculiar,  jerky  walk.  The  nymph  is  white  or  yellow,  some- 
times orange,  and  the  adult  is  brown  or  black.  Colour  is  of 
little  significance,  though  the  adult  is  often  difficult  to 
distinguish,  with  its  dark  body  and  light  wings,  on  the  whitish 
areas  of  thripped  "  leaves  dotted  with  the  black  spots  of 
excreta  which  the  insect  deposits. 

The  head  is  large,  and  flat  on  top  ;  in  profile  it  is  triangular, 
the  forehead  forming  the  apex.  The  mouth-parts  are  drawn 
right  back  to  lie  almost  between  the  fore  coxse,  the  cavity  of 
the  mouth  thus  pointing  straight  downwards.  The  eyes  are 
large  and  contain  relatively  few  facets.  Two  or  three  ocelli 
are  always  present  in  winged  and  absent  in  entirely  wingless 
forms.  The  general  arrangement  of  the  mouth-parts  resembles 
that  of  a  Hemipteron ;  they  are  fitted  entirely  for  sucking. 
The  region  constituting  the  mouth  is  in  the  shape  of  a  cone, 
formed  by  the  clypeus,  labrum,  labium,  and  maxillary  sclerites. 
Inside  this  cone  work  the  piercing  mouth-parts,  which  are 
asymmetrical,  consisting  of  one  mandible  and  two  maxillae. 
The  left  mandible  is  fairly  short  and  stout ;  the  right  is  a 
mere  rudiment.  The  maxillae  consist  of  three  parts :  the 
piercing  stylet,"  generally  longer  and  more  slender  than  the 
mandible,  the  external  maxillary  sclerite,  bearing  a  two  or 
three- jointed  palp,  and  a  short  piece  connecting  the  other 
two.  The  labium  also  bears  a  pair  of  short,  two-  or  four- 
jointed  palps  (Peterson,  1915). 

Turning  next  to  the  thoracic  region,  the  prothorax  is 
distinctly  separated  from  the  mesothorax,  while  the  meso- 
and  meta-thorax  are  closely  united.    The  legs  are  very  uniform 
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in  the  various  groups,  although  the  fore-legs  are  often  shorter 
and  thicker  and  more  specialized  than  the  others.  All  the 
tarsi  are  reduced,  being  generally  two-,  but  sometimes  one- 
jointed  ;  the  last  segment  bears  a  bladder-like  organ,  capable 
of  being  extruded  or  withdrawn  at  pleasure.  The  wings  of 
Thrips  are  quite  unique  in  their  combination  of  peculiar 
characters.  They  are  long,  narrow,  and  membranous,  with 
few  veins  ;  the  anterior  margin  is  generally,  and  the  posterior 
margin  always,  fringed  with  long,  delicate  hairs.  When  at 
rest,  the  wings  lie  horizontally  along  the  abdomen.    They  are 


and  the  first  to  the  ninth  abdominal  segments.  In  the 
"larval  "  stages,  i.e.  first  and  second  instars,  the  arrangement 
of  the  spiracles  is  the  same,  except  that  the  first  pair  occurs 
on  the  second  abdominal  segment  instead  of  on  the  first.  The 
abdomen  consists  of  ten  segments,  of  which  the  last  is  conical 
or  tubular  in  form.  Distinction  of  the  sexes,  in  those  forms 
where  the  female  has  no  ovipositor,  is  often  a  matter  of  some 
difficulty.  In  the  Terebrantia,  the  female  has  an  external 
ovipositor,  which  is  saw-like  and  composed  of  four  valves,  and 
is  situated  ventrally  on  the  eighth  and  ninth  segments  of  the 


Fia.  55. — ^Adult  of  Toeniothrips  pyri. 
(X  about  60.) 

(After  Moulton— slightly  simplified.) 


sometimes  reduced  to 
mere  pads,  and  in  a  few 
species  are  entirely  ab- 
sent. Three  pairs  of  spir- 
acles are  always  present, 
a  fourth  occurs  in  all 
TubuUfera  and  many 
Terebrantia ;  in  a  few 
species  eleven  are  pre- 
sent. In  the  adult,  one 
pair  is  situated  on  the 
mesothorax  and  first  and 
eighth  abdominal  seg- 
ments. The  fourth  pair, 
when  present,  is  very 
small  and  is  found  on  the 
metathorax ;  whUe  in 
those  species  with  eleven 
pairs  they  are  situated  on 
the  meso-  and  meta-thorax 
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abdomen.  The  genital  opening  is  between  tlie  eighth  and  ninth 
segments.  The  end  of  the  abdomen  is  generally  conical  in 
form.  Usnally  the  male  is  much  smaller  than  the  female  ;  a 
protrusible  penis  lies  withdrawn  inside  the  ninth  abdominal 
segment,  and  the  genital  opening  is  situated  between  the 
ninth  and  tenth  segments.  The  abdomen  is  usually  blunt  at 
the  end.  In  some  forms  the  ninth  segment  bears  processes 
which  probably  assist  in  copulation.  The  male,  too,  is  often 
lighter  in  colour  and  more  active  than  the  female.  In  the 
Tubulifera,t]iG  end  of  the  abdomen  is  tubular  in  form  and  the 
genital  pore  is  situated  between  the  ninth  and  tenth  segments 
in  both  sexes.  The  female  has  no  ovipositor,  to  act  as  a 
distinguishing  feat-ure ;  but  lying  ventrally  on  the  ninth 
abdominal  segment,  near  the  posterior  edge,  is  a  short, 
chitinized  rod,  which,  however,  is  not  easily  visible  in  dark- 
coloured  forms.  The  male  is  generally  smaller  and  narrower. 
The  base  of  the  tube  at  the  end  of  abdomen  is  emarginate  on 
the  ventral  side,  and  a  semicircular  opening  is  present  there, 
through  which  the  penis  can  be  extruded.  In  many  species 
the  male  has  thicker  femora  in  the  fore-legs  and  stouter  spines 
on  the  fore-tarsi,  while  in  some  species  the  females  are  winged, 
the  males  are  wingless. 

Very  little  appears  to  be  known  of  the  internal  anatomy  of 
the  Thysanoptera.  There  are  two  kinds  of  salivary  glands, 
situated  in  the  thorax  and  abdomen.  The  ducts  from  these 
unite  and  pass  into  a  Y-shaped  structure,  which  leads  into  the 
cavity  of  the  mouth  behind  the  pharynx.  The  pharynx  forms 
a  distinct  sucking  apparatus ;  it  leads  into  a  straight,  simple 
alimentary  canal.  Four  Malpighian  tubules  are  present.  In 
the  female,  the  ovary  is  simple,  with  six  to  ten  egg-tubes 
opening  ventrally  either  between  the  eighth  and  ninth 
(Terebrantia)  or  between  the  ninth  and  tenth  (Tubulifera) 
abdominal  segments.  In  the  male  there  are  two  testes, 
opening  between  the  ninth  and  tenth  segments ;  accessory 
glands  are  also  present. 

Reproduction  is  of  two  forms — bisexual  and  unisexual,  or 
parthenogenetic.  In  the  case  of  those  forms  with  two  sexes, 
the  females  are  always  more  abundant  than  the  males.  In 
some  species  one  male  fertilizes  a  number  of  females.  The 
bisexual  is  the  normal  and  commoner  mode  of  reproduction, 
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hut  jmrthriK^^rnrMs  is  of  frrqu<-n1  <u-ciirrfiiiM\  it  mimlMT  of 
HfH*ri<'H,  m  far  hh  in  yet  kiiouii.  rcpHMlurinik'  rntirrly  hy  this 
m<*tlHHi.    Tilt*  fi'inalf  luy^  from  2a  to  Um  i^g^s.  ^in^\\\  nthvv 
in  thi*  tiHMirH  of  tin*  plant,  if  hIm-  han  an  ovij>(»hitor.  or  on  tin* 
surfac'«%  if  hhr  dnvn  not  |H*.'-M'hh  on«*.    Thv  prcK  t-Hh  of  ovipo^iition 
is  as  f<»liowh    till*  oviptK^itor  in  Inni  ilown  till  at  right  angU*H 
to  tiu*  ahdoHM-n  nwi  then  grachially  inwrti^il  into  i\w  ti^HiifH. 
!iy  HU<T<-i^MVt»  rontrartionn  of  tin-  ahth^iin.  th<*  f^j^n  arr 
ptiHljrd  down  hrtwi'i  n  thi'  valvi'H  of  th»*  i^ipohitor.    Tin*  <*j^^h, 
thougli  iiHually  laid  in  tlir  tii-Hui'*^  of  t!ir  Ifaf,  may  hr  ih'jrti^iitrd 
in  ahnoHt  any  rr|^ion  «»f  tin*  plant,  i  \*i  pt  thi-  iH-talH  ;  th«-y  an* 
dolicatr  and  t  oIourtrHH  a-  a  ruli-,  M»fn«'t  inirn  yi  ilovv  or  hrowninh, 
anti  i'ithi'r  tdonj^'atr  oval  or  In  an  nhap  d.    Thr  h  ngth  of  tho 
vfni  Hiiiiiv  in  from  thn-f  in  liftnn  <iay^*,  varying  <f»nhidf  rahly, 
i'V<*n  ui  th<*  nanii'  j-jHrifH.  af  f  ording  in  th**  ufathiT  i  f^nditionK. 
Thr  ni'wiy  hat<-hi*d  nymph  la  ginn  to  In  ii  inuni  fhatidy.  and 
HH  in  th<*  Vani*  of  Aphidn.  \hr  hvml  at  thin  Magi*  in  vi  ry  largi* 
and  th<*  nnailh  parln  vvi^ll  flrvi'loprd.     During  thi*  pmvi^^M  uf 
gnnvth  tli<'  thorax  and  alKlonii  n  di^vidop  ron^d*  rahly  in  f^m\ 
hut  thi«  ImwI  n  niain^  nm»  h  tht*  t*amr.    Th«'  vyvn  art'  not 
I'ompiiund,  rc^n^i^ting  t»nly  f»f  a  f«'W  Hiparatr  (nvi-i^.  Tin* 
numhi-r  of  nnniltH  van*  h  from  Ihrii*  to  tivr.  hut  th«'  uMial 
numhi  r  iw  U\t\  tlu'  fir?*t  tuo  in^tar?*  hring  thi*  mi  rallied  "  larval  " 
j^iugiH,  wh«'M  thi*  nyuiph^^  an-  artiv**  and  h-ttling  all  tli**  timi*. 
In  iliv  HiHuud  inntar  th»'  growth  m  Ht*/i»  in  tMitii  l  ahli*  and  thi* 
UivviH  of  thi*  «yr>»  gnatly  unrmMt*  in  nnwdiir.  Jir^^t  and 

MH'ond  inntar^  an*  of  ahont  « ipial  h'ligth.  Thf  thinl  in?*tar 
conHtitutrh  thf*  "  pmpupal  ^^tagis  wht  n  ih«^  nymph  n  am  j*  to 
fiH  iU  Hidrrting  Hunr  HjH>t  m  thi-  ^hi^dl^  t*u«  h  an  thi*  undiT  nidi* 
of  th<*  l«*Hf»  and  hardly  moving  fr«»m  that  position  all  thi*  tinif. 
It  dith  rn  fnmi  th*-  hrrond  ni^tar  forui  in  having  di**tim  t  uing-' 
Ifihi'H,  At  thiH  Htagi'  in  ^nmv  HpiitH  tin*  nymph  diw<*ntiH 
into  thi»  Hoil  for  "  pupatitm.  In  th«^  fourth  nr  '  pupal  '* 
in^tar  th<^  nynjph  i^  Mill  n<*n  frrding  antl  immohih\  and  in 
ciif^tinguinhiii  fnmi  iUv  pn-nding  **taMi*  hy  having  thr  wing* 
hihvH  longi*r  and  th«^  antinna*  h«*nt  hmk  ovi*r  hwd,  to 
farilitati*  moulting  to  thi^  adult.  Thv  pmpupal  and  pnpal 
Htagi  H  gi  ni^nilly  la^t  only  a  h  w  flay^^  im  h.  In  thi*  ruhilt  f*tagf 
or  fifth  inntar,  fi^thng  i**  n  «*itnmi  I  hiring  th**  prf*cMW 

of  fri*<lirtg,  th<*  m«mth  part**  an*  dri%«"n  into  th«»  plant  tmmm 
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by  a  series  of  downward  and  inward  jerks  of  the  head,  by  which 
means  the  cells  are  pierced  and  lacerated,  so  that  a  mush  " 
of  cell-sap  and  tissue  is  formed.  The  mouth  is  then  closely 
applied  to  the  puncture  and  the  mush  sucked  up  into  the 
pharynx.  On  account  of  its  short  structure,  the  mandible  is 
believed  to  start  the  puncture  in  the  hard  outer  tissues,  while 
the  longer  and  more  slender  maxilla  are  used  to  penetrate 
the  softer  substance  below.  By  this  surface-feeding,  white 
spots  and  areas  are  produced  on  the  leaf,  caused  by  the  air  in 
the  evacuated  epidermal  cells.  In  some  species,  in  the  nymphal 
stages,  the  liquid  excreta  collects  into  a 
drop  on  the  end  of  the  abdomen,  and 
is  finally  deposited  on  the  plant,  where 
it  hardens,  adding  to  the  unsightly 
appearance  already  produced  and  pos- 
sibly acting  as  an  attraction  to  certain 
fungi. 

Hibernation  takes  place  either  as  a 
nymph  or  an  adult,  in  dead  grass  or 
dried  plant  stems,  and  may  be  in  the 
place  of  feeding,  in  the  soil,  in  lichens, 
fungi,  etc.  The  number  of  broods  in 
a  year  numbers  from  one  to  a  dozen 
or  so,  but  the  number  also  differs  in 
the  same  species  according  to  the 
climate  of  the  locality,  whether  tem- 
perate or  tropical.  Propagation  of  the  fig.  56.— Larva  of  Tcmio- 
species  is  evidently  carried  out  by  the  thripsjpyri,  (x  about  60.) 
winged  female,  which  flies  to  a  fresh  (After  Moiiiton-^iightiy  simpii- 
plant  and  lays  her  eggs  there. 

The  food-plants  of  Thrips  are  very  varied,  consisting  of  most 
flowering  and  some  flowerless  plants,  including  many  fruit 
trees,  grasses  and  cereals,  and  many  vegetables,  and  certain 
crops  such  as  cotton  and  tobacco.  Some  Thrips  are  not 
herbivorous,  but  feed  on  mites  and  certain  insects  ;  one  has 
been  observed  to  feed  on  the  eggs  of  a  Cmculionid,  and  another 
on  a  species  of  Aleurodid. 

Thrips  suffer  from  a  variety  of  natural  enemies.  These 
include  the  adult  of  TripMeps  insidiosus,  Say.,  an  Anthocorid, 
which  feeds  on  adult  Thrips,  while  its  "  larva  "  preys  on  their 
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nymplial  stages,  A  Chalcid  parasite,  Thripoctenus  russelli,  is 
recorded.  Chrysopid  and  Syrphid  larvae,  CoccinelKds  and 
spiders  serve  to  keep  them  down.  They  are  also  parasitized 
by  Acarina,  Gregarines  and  Nematodes,  and  certain  fungi. 

The  most  important  literature  on  this  order  includes 
the  works  of  J,  Uzel  (1895),  Monograph  of  the  Thysanoptera ; 
R.  S.  Bagnall  (1908  and  1911),  British  species;  Dudley 
Moulton  (1909),  Pear  Thrips;  H.  M.  Eussell  (1912),  Bean 
Thrips ;  A.  Petersen  (1915),  Head  and  Mouth-parts ;  C.  B. 
WilHams  (1915),  Pea  Thrips  ;  W.  E.  Hinds  (1902),  Monograph 
of  the  N.  American  species. 

The  number  of  British  species  recorded  up  to  the  present 
is  about  100 ;  but  new  ones  are  constantly  being  added. 

Thrips  constitute  many  serious  pests  on  fruit,  crops  and  other 
plants.  They  injure  plants  by  external  damage  to  the  tissues, 
stopping  the  growth  of  the  plant,  causing  wilting,  and  sterihty 
of  the  seed.  By  their  constant  extraction  of  sap  and  chloro- 
phyll granules  from  the  leaves,  the  Thrips  interfere  with  the 
normal  metabolism  of  the  plant,  the  process  of  photosynthesis 
is  hindered,  and  after  a  while  the  leaves  turn  yellow,  wilt  and 
drop  off.  By  the  leaf  scars  thus  formed  and  the  wounds  caused 
by  feeding,  fungal  spores  and  bacteria  enter  the  plant  and  add 
to  the  destruction  of  tissues  already  caused  by  the  Thrips. 
Thus  in  a  short  while,  in  some  cases,  the  whole  plant  is  killed 
outright.  When  the  young  seed  is  pierced  by  the  mouth-parts, 
the  embryo  is  killed  and  germination  is  prevented.  Among 
the  chief  pests  are  the  Citrus  Thrips  (Scirtothrips  citri),  which 
attacks  oranges,  grape-fruit  and  lemons  in  California  and 
Europe ;  the  Onion  Thrips  (TTirips  tabaci),  attacking  onions 
in  U.S.A.,  West  Indies,  and  Tasmania,  and  tobacco  in  Russia. 
The  Pea  Thrips  (Kakothrips  robustus)  damages  peas  and  beans 
in  England  and  West  Europe.  The  Greenhouse  Thrips 
{Heliothrips  hcemorrhoidalis)  attacks  ornamental  plants  in 
Europe  and  America,  oranges  in  Italy,  and  eucalyptus  in 
Austraha.  JBolothripsfasciatus  attacks  wheat,  etc.,  in  Europe 
and  N.  America.  The  Cocoa  Thrips  {Physopus  rubrocincim) 
is  a  pest  on  cocoa  in  Africa,  West  Indies,  and  Ceylon. 

Thrips  are  a  group  of  insects  which  can  be  really  effectively 
dealt  with  by  spraying ;  a  good  contact  spray  such  as  Rosin 
Wash  should  be  used. 
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The  Thysanoptera  were  for  many  years  divided  into  two 
sub-orders,  but  in  1911  Bagnall  added  a  third,  the  Polystigmata, 
Thrips  are  classified  as  follows  :i — 

I.  Eleven  pairs  of  spiracles.  Hind  pair  of  coxae  most  widely 
separated.   Palpi  one-jointed. 

POLYSTIGMATA.  Antennae  seven-jointed.  Ninth 
abdominal  segment  elongated.  Ocelli  and  wings 
absent.  No  ovipositor.  Closely  resembling  Tubulifera. 
One  family — Urothripidce. 

II.  Not  more  than  four  pairs  of  spiracles  present.  Inter- 
mediate coxae  most  widely  separated.  Palpi  never  less  than 
two-jointed. 

TUBULIFERA.  Labial  palpi  two-jointed.  Maxillary 
palpi  two-jointed.  No  ovipositor.  One  family — 
Phleothripidce, 

TEREBRANTIA.    Ovipositor  present.   Two  families. 
Thripidce.  Labial  palpi  two-jointed.   Maxillary  palpi 

two-  or  three-jointed. 
JSolothripidce,    Labial  palpi  two-,  four-  or  five-jointed. 

Maxillary  palpi  three-  to  seven-jointed. 
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Sucking  lice. 

Body  flattened  dorsally .  Head  large  and  distinct .  Thorax 
with  little  sign  of  segmentation  ;  sometimes  fused  with  the 
ahdomen,  which  is  segmented. 

The  Amoplura,  to  which  the  name  of  Sucking  Lice  "  has 
been  given  as  a  distinction  from  the  MallojpTia^a  ov  ''Biting 
Lice,"  are  a  group  of  small  insects  parasitic  on  the  todies  of 
mammals.  They  are  widely  distributed,  being  recorded  from 
both  temperate  and  tropical  regions. 

They  are  about  3-4  mm.  long,  somewhat  flat,  elongate-oval 
in  form  and  greyish  of  colour  :  these  features,  together  with 
the  situations  in  which  the  lice  are  found,  render  them  easy 
of  recognition.  The  main  characters  in  which  they  differ  from 
the  Mallophaga,  which,  though  chiefly  infesting  birds,  are  also 
found  on  mammals,  are  :  the  head,  though  equally  distinct, 
being  smaller,  and  furnished  with  a  sucking  proboscis  in  place 
of  biting  jaws ;  the  thoracic  segments  being  less  clear  and 
showing  very  little  segmentation,  while  the  claws  in  most 
cases  are  larger. 

The  head  is  large,  and  distinct  from  the  thorax.  It  hears 
short  antermae,  usually  five-jointed.  The  eyes,  wanting  in 
some  cases,  axe  usually  black  and  fairly  prominent.  The 
mouth-parts  are  formed  for  sucking.  They  consist  of  a  dorsal 
and  ventral  stabbing  organ  lying  in  a  sac  or  blind  pocket, 
situated  below  the  pharynx  and  oesophagus ;  the  pharynx: 
is  *  divided  into  two  regions,  termed  the  first  and  second 
pharynx :  the  first  pharynx  becomes  tubular  as  it  nears  the 
entrance  to  the  mouth,  where  are  situated  a  series  of  sharp, 
chitinous,  backwardly  directed  hooks.  The  two  stabbing 
organs  very  possibly  consist  of  the  modifi.ed  maxillse  and 
labium.  They  are  long  and  flexible,  the  upper  one  with  a 
double  groove  along  the  greater  part  of  its  length,  and  the 
lower  one  with  a  single  groove  down  its  centre,  and  a  three- 
pointed  apex.   When  in  a  feeding  position,  the  tubular  portion 
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is  thrust  slightly  forward ;  this  action  brings  the  hooks, 
pointing  outwards,  into  a  fringe  round  the  mouth,  and  enables 
them  to  be  fixed  in  the  skin  of  the  host :  the  stabbing  organs 
are  then  pushed  forward  into  the  skin,  and  saliva  from  glands 
situated  far  back  in  the  thorax  flows  down  the  channel  formed 
by  the  union  of  the  two  grooves  :  the  blood  of  the  host  is  not 
drawn  up  through  this  channel,  but  is  sucked  up  through  the 
pharynx. 

The  thorax  is  a  solid  mass,  the  three  segments  being  scarcely 
discernible.  The  legs  are  strong  and  of  medium  length, 
with  one-jointed  tarsi,  fitted  with  a  large  claw  folding  back 
on  the  tarsus. 


Fig.  57. — ^Diagram  of  mouth-parts  of  Pcdiculua  in  longitudinal  section. 

(Modified  from  Peacock.) 
88  =  8tal)ber  sac,  with  dorsal  and  ventral  stabber  and  the  salivary  duct,  fc  —  food  canal. 
h  =  backwardly  directed  hooks,   m  ■=  iiuiscles  for  the  expansion  of  the  roof  of  the  pharynx. 

The  abdomen  consists  of  eight  segments  of  which  the  apical 
two  are  fused.  There  is  a  spiracle  on  segments  two,  three  or 
six  to  eight.  The  apex  of  the  abdomen  is  pointed  in  the  male 
and  more  or  less  cleft  in  the  female. 

From  the  sucking  pharynx  a  narrow  tube  or  gullet  leads 
into  a  very  large  stomach,  from  which  a  short,  narrow  intestine 
leads  to  the  rectum  and  anus.  There  are  eight  Malpighian 
tubules.  There  is  a  small  brain,  connected  to  the  sub- 
oesophageal  ganglion  lying  just  below  the  stabber  sac  by  two 
nerve  cords.  A  single  nerve  cord  connects  the  sub-cesophageal 
ganglion  to  the  thoracic  ganglion,  from  which  nervures  run 
laterally  and  posteriorly  to  the  legs  and  abdomen. 
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Thr  n»|»nMiurtivf  Mi^jait^-  art'  Niiiiplr.  *VUv  fvntnlv  has  a 
pair  (»f  ovarirH,  viu'h  itvarv  <"*»n-i-t iiij.'  nf  livt-  Imiu  tulM  K  uith 
ova  in  variinif^  ^ta^rs  nf  <i«'V<'lupiuriit .  On  it-^  v\ay  thmu^h 
thr  nviiiurt  radi  i-^if  i?^  rnatiMi  at  it.,  han*  with  a  pnrti*»n  nf 
ri'nirnt  whirh  cnianati-H  fruni  ^'land-  vnuiuritd  with  th«* 
nviiiurt .  ThiN  rfnn'nt  ti\«-- 1  hfM%'^  to  tht  rluth  hairoii  which 
it  is  laid. 

Thv  nvdlr  uiyiiu^  cnn-i-t  f»f  a  pair  of  tr-t<-.  rarh  diviclrd 
irjto  two  part;-  ;  a  narn»u  tulir  roniM-i  t^  rai  h  ti^tit*  witi*  ihv 
M-niifial  Vf*?«irlr.  fr«»m  whi«  h  a  narrr^u  ilnrt  pa^Mh  tfi  thi- 

Thr  r^^K  ai'i'  c»voiil  in  -hapr  ar^l  l»a\*'  at  tlir  larj.^!  r  vnt\  a 
Hart  of  liil  or  oiHTi  uhint,  v'm  nUir  in  ^^hapi*  and  !  f  ulpturi  fl  in 

th»»  form        ^^nnill  nf>* 
dull  N.      lln-  nitnations 
vlam  n    for    oviposit  ion 
an*  rlotli.  lihrt'H^or  hotly 
hair?*,  to  whirh  thi* 
ar«^  attufhtd  by  nii*ant^ 
of  th<*  t  i  uv  ni  art  lunn 
hitrd    *m    thrm  ttiirinf^ 
fhiir     pa^!*av'«*  thn*ityh 
th«*    ov idui  t  Niittall 
*tati^   that    th«*  f«iniilf 
i*^  an-j  trd  in  f*vipi»Hitif»n 
hy  thr  ^'*»nopotl**,  whiih 
t'ia^p  th*"  hair  or  vhdU 
lihn*  and  din  t i  Ihi-  plar 
in^,  of  th«'  tyiii  :   tt  i'^*  notiriii  that  *dnio».l  wilhimt  i'\ft^ptif>n 
thiM'^;(gN  an-  hiitl  with  thnr  h  imth  paralhl  to  lh«-ir  MipfHtrt. 
WUvn  huth  thr  vuU/'        rn  ajny  wJnt*-  an«t  *onit  what  trann 
|»arrnt,  ht  ctinun^  niori-  y»  llott  an«l  oparpn^  m  thi\V  ntatun*. 
\Vh<  nth«*  i  nii  r^^t  nri  ftf  th*-  youn^  haiM^  14  diii%  air  pnHN^j* 
thrtnij^fh  thi*  oprtf  nhnn  aiifl  doun  thronj^h        inoulh  of  tin* 
hiUM%  i'timinK  '^it  at  thi-  «  nd  of  th**  liotly,  ainf  filHng  ihi* 
hindrr  jnirtion  of  th«        i^radnnlly  hut  ^iin  ly  pitHhi  ttfhi*  Uitm* 
forwarti  nnfil  it^  h«ad  pn^MH  thr  m^Truhim  oj*i'n  and  it^ 
IrgH  hi foni*'  fr*i'  tf»  ^ra^^p  thr  r*iippf»rtniM  hair  au<l  1  iiahlr  thr 
hiUM*  to  jnill  liMAf  rhar  tti  thr  rj^g» 

llir  nrwly  run  rgi  «|  |fai^»^  i«  widtiHli  and  hat*  drhratr  intrgt^ 
mi*nl  ;  in  othrr  rri*j#r«  In  if  nnn  h  rrH^  intih'H  thr  atfull?*.  Thrm 
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moults  are  effected  during  a  period  of  from  eight  to  eleven 
days.  It  is  not  till  after  the  third  moult  that  the  external 
sexual  characters  are  discernible.  In  normal  conditions  young 
lice  start  to  feed  within  an  hour  of  hatching,  and  if  unable  to 
obtain  nourishment  for  twenty-four  hours,  die.  The  method 
of  feeding  is  simple  :  the  fringe  of  teeth  round  the  edge  of  the 
mouth  are  fixed  into  the  skin  of  the  host,  forming  a  leverage 
against  which  the  louse  is  enabled  to  force  its  stabbing  organ 
into  the  flesh ;  saliva  flows  down  the  channel  formed  by  the 
two  stabbing  organs,  and,  mixing  with  the  blood  of  the  host, 
stimulates  its  flow  to  thei\^ound  and  prevents 


it  from  clotting  ;  the  blood  is  then  sucked  up 
through  the  pharynx.  The  pumping  action 
which  causes  the  blood  to  flow  up  the  pharynx 
is,  in  fairly  transparent  specimens,  plainly 
visible  as  an  expanding  and  contracting  move- 
ment which  also  continues  in  waves  along 
the  alimentary  canal. 

In  the  case  of  Pecliculus,  egg-laying  com- 
mences two  or  three  days  after  maturity  has 
been  reached  and  extends  over  a  period  of  from 
twenty  to  thirty  days ;  six  to  ten  eggs  being 
laid  per  day.  The  average  life  of  a  male 
louse  is  four  weeks,  and  of  a  female  five 


weeks.  Lice  are  fairly  active,  but  must  have  fig.  59.— Eggs 
warmth  to  enable  them  to  live.    They  are 

11  onbristlo. 

found  wherever  there  are  poor,  overcrowded  (x  30,  about.) 
conditions  and  lack  of  proper  cleanliness. 

Dalla  Torre,  in  his  classification  of  this  order,  divides  it 
into  four  families  : — 

A.  Legs  not  provided  with  clasping  claws  ;  tibiae  and  tarsi 

slender,  the  latter  without  any  thumb-like  process. 
Mouth  at  the  extremity  of  the  long  tubular  process. 
Hcematomyzidce,    Antennae  five- jointed.  Including 

the   Indian   Elephants'    Louse  {Hcematomyzus 

elephantis). 

B.  Legs  with  clasping  claws  ;  tibiae  stout,  with  a  thumb-like 

process.     Antennae  three-  to   five-jointed.  Body 


minal  .s<*|j:inrnt!-  thr***  ti»  rijj^ht. 

Pnliciirultf ,    KycM  laiyis  *lark.  |>n  *niiijf  nt . 
Utrmntopinvitv,    Kvi  f-  MlfM-im-  ur  nl. 

EvhiuopUtfilriidir.    Aiitinu;*' fniir  tn  fn  i*  «i  H<i»ty 

thifk  arul  pltiiup.    A  -\\)JM\i%       tli«'  -^li**  ^nviA 

ami  al nltMiiiniftl  ^«%'m<'iit-  tw*>  lui  ji^'ht      fit  mi 

thick  Hf)iiH»j^. 

HittmiUqnnidtv  i-nutuiiiH  thr  lin-  inuHt  i  uiinii«»nly  f«*MUii  nit 
uMiinnlH  mvh  an  ratn.  pij!:^.  i-l*j»hantf ,  ctr, 

Kchinophihirihhr  \^  \\mi\v  up  cif  tlirrr  M^mi  wliat  j»l«rmut 
giwrii,  tin*  ^piMic^.  <»f  which  iiif  v^^t  'riiin  aii«l  w -ilriH 
PvdintlUUr  in  Hplit  up  into  two  Hili  laiuili*  h  : 

lUAlivwimi  niv\  Pnlirulifuf.  TIm*  /'*»/mijiiMf  utriir  itti 
m(inkt*yH,  whilf  th<*  I'lilvntiun.  nf  ik^ns^itrr  iiii|^*»rijiiit  c  than 
any  of  th<'         fainillrh.  rnulaiii-  llic  ^p  ric^  jti»m>ilir  <*»  ni*ui, 

PnHnilits  vtminm^  iUr  \n*tly  htUM*  i/*.  hnmrnn.)  ami  Oti  lu  iMl 
h>UM*        rttjniifi).    Phihhu^  riinliiiii^        «  rah  nr  j*tihi<  Imiim* 

Th<*rmiHl  itiijKirfi*iit  work  *»n  tii«M  !a'^^ifi»utii»u  hiin  hii  ii  r|iiii«* 
hv  Dfilla  Tiirr(%  i^HllI  {(Umra  //^wlori/m.  Fa>r  h3|. 

*  Mxirh  wtirk  han  hri«ii  doiii-  «»n  fhinfiuinh  .  h^tlli  iu  iiiMr 
logical  Hiui  <-<'«momir  aMjH'iU  :  riiulurlkf^v^ky  fMiHaj,  Kii«l«r 
l(*ifi  (l!HH),  XHiituiiini   n?M<!if.  Kf-llfyk'  ^^'**>»'  f!f»i:ii, 

<'umniin«H    (IHin),    iVm-Mt-k  I^U^i^    iy»ri»i  {IfWtTj. 

HftrriHdn    (HiKi).    Nitttall    lli*l7,    HUki,    IJfiy.l  (H>Hi). 

Afjart  from  the  Ufipli^a^Hantiii  riOi^i  «l  Uy  tin  ir  ii^Hf «  intinii 
with  main  li«M*  luuf  tf*  vatmth  rrtl  m  a  far  mt^n*  ^tnmu 
aHjWHi,  it  having  hi  i*ii  jirMVi  cI  hrv  <*i*«i  all  4«»iit*t  thmf  th«  y  ar** 
till*  traiiHiuitti'TH  iif  t>  j»htiH,  tr#iirli  ff^vrr  mi^l  rilai»^i}m  f*  v<  r. 
1  hiring  thi*  i  iirly  imvi  nf  tht-  Ctn-ai  W«r  hi  r  lti  r»inr  n  ♦*i*ri«iM« 
fmrtfir  nK^unnt  tljr  welfare  miil  wtirn*.**  m(  iht*  tr«»«*p^  i*tpl  it 
wan  (liHCfivrrrd  fhal  iHy  %vfTf^  fh**  ai|fiit*4  m  thr  **prt/i4iriii  «<f 
tnnich  frv«T;  whih*  in  th<'  i*riH*iM  vmni»  f4  i  h  rmnuy  tin*  n*^*^ 
of  typhtif*  niid  ri-litp^inii^  fi  vi  r  N  rribh  ri^aMi^il  hy  ihmr 
ni(i.    AniMiig  tli«*  tivil  |Hii*tihitt«»ii  hIm^  fhr  prtMnrt*  nf  liw* 
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has  for  long  been  a  problem.  In  areas  where  bad  housing  and 
poor,  overcrowded  conditions  exist,  lice  appear  and  multiply 
exceedingly.  The  heads  of  children,  unwashed  and  uncared 
for,  become  infested  with  P.  capitis ;  while  the  body  louse, 
and  to  a  less  degree  the  crab  louse,  breed  in  the  clothing  and 
on  the  bodies  of  man.  Should  typhus  break  out  in  such 
conditions,  its  rapid  spread  would  be  an  easy  matter.  Better 
housing  and  increased  facilities  for  personal  cleanliness  will  do 
much  towards  the  eradication  of  these  dangerous  insects. 


ItllVNC  IIOTA  iUfffiipUra) 


Two  paifH  of  wJnftf* ;  mouth-part?*  form€*iI  into  a  rostriiin, 
contalnlnfl  ftiHiuI  ?*tyk»tfi.  without  palpf*.  Anteimsi*  Hlmpic!, 
iiBuiiIIy  two  to  ten  joints.  No  mctamorphofilH,  the  wln(|;fi 
developiHl  an  lobeN  out  Hide  the  body. 

In  Wu*  main,  thi^*  ^'riMi(»  in  n  rt^j^'oi/alilr  .it  hi^hi  hv  tlie 
mtMifli  jiart^-  :  tb<'  win^'H  clilTi  r  m»  ann  h  Ui.i! ,  uhile  iiHi  fiil  fi*r 
rrrognit iuii  f»f  hm)*  nrdi  rH  itr  fanuli^  r,  th»  v  i  aiin«»t  !«'  ^liurfty 
(ii'litn  ti  UH  jfc  <-lmrarl<  r  of  fh»*  t»r«fi'r.  <'i»lnur  i  *  l.iri/i  ly  i  rv}»tif% 
l^rei  ii,  hrown,  )<'af.  bliM  k.  i  i*iilinj^  ti*  t}i»'  hahjtiii  :  in 
H>in<%  violi»n!  warning  rt»lf»urinjLt  .  in  iIm*  ^n»all«'r  (nrnii^.  thi  re 
\H  no  fulntir  *^i'lit  in«\ 

*rhe  imui  wrU  f|i'\«'l«»(Mti,  u  nalJv  frir.  tn  ?r*nir  forniH 
Hunk  in  the  thoni^cJn  tin*  iHanU  m^i  riiHtinft  t}|i  luiirnmr 
vary  from  thr  tiny  ttrintli'  of  thi'  U**m**pUfn  In  tlif  hm\*,  friT 
fei*li*rH  of  thf  ( V»r«  i<l^.  In  th«*  aijuatir  fornJ»*  tiny  an*  ^horf, 
and  Uf*  in  f^jmoven  «>f  the  head, 

('imijNnint!  **v«'h  fIm"ilo|)  in  iJm^  nynijfhn  nud  Uvo  or  Hni*** 
fH^elli :  the  uthdt  di-jfi-neraie  fi^mali'  f/  Vr)#/*i  |  nmy  havi^  finly 
iw'elli. 

The  month  part ^  arr  i  \tn  nn  ly  nniforni  and  rhararti-riJ^tie. 
The  nnunlthleH  mid  nia^^ilhe  fitrm  lin»^  i4yh  t^  u  hi?  h  nnit*'  in 
the  ju:ro*ive  of  the  lahinni,  ntn^^t if  iitini^  a  ^in$|le  tine  piireinji 
organ.  The  two  intrri*>r  ]iurti«*nH:  fnia%jllie|  ft*rni  a  tltitml  anti 
ventral  duet.  The  outir  j»ortn»nH  j(niandihh'^)  ar*^  hiekt'ti  to 
the  inner  portionn,  htd  have  a  nlidini;  motifm  nhnig  them.  Th«* 
hihnnn  in  hhort.  ov«r  tin*  laliinm  and  rnverw  it  dorndly 
only  Hi  the  l♦a^^  Thr  lahinm  may  Iw*  \  ery  nhort  ai«  in  C  'ih  ridi*, 
or  h»ng  and  jiunted  a^  i«  l*ent«t*inndM,  It  m  j^tmiieht, 
Ht retehing  ai^  far  m  f  h«*  himl  rimii\  f  irth«*r  in  th*»  h«  rtiivoroui^ 
HfUritpdm,  nhort  and  rnrv«*d  in  the  jfredareooN  Hefhtvtid« 
and  aquatie  Uriirttjtirm.  No  pal|m  oirtir.  Thf*  mouth  partu 
funetion  m  a  mvkmyL,  JippariilUH  uifli  !h«*  *<urking  pharyni^ 
iwsd  ill*  II  mdiva  injertf»r  aetuat**fl  t*y  tin-  f^ahviiry  pnmp minuted 
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in  the  head.  In  most  the  piercing  portion  is  pushed  outwards 
and  inwards  by  muscles  in  the  head,  but  in  Coccids  the  joint 
mandibles  and  maxillse  are  so  long  that  they  lie  in  a  vertical 
sac  in  a  long  loop,  and  the  actual  muscular  apparatus  that 
inserts  them  into  the  plant  and  retracts  them  appears  to  be 
in  the  short  labium.    (Awati  (1913),  Davidson  (1913).) 

The  prothorax  is  large,  distinct,  and  sometimes  spined. 
The  mesothorocic  scuteUum  is  very  large  in  Pentatomids. 
Wings  in  Heteroptera  lie  flat  on  the  abdomen,  the  first  pair 
thickened  at  the  base  and  lying  across  each  other.  In 
Homoptera  they  lie  at  an  angle,  not  crossing,  free  of  the 
abdomen,  and  are  of  one  thickness.  They  vary  in  the  last 
four  families.  The  second  wings  are  large,  hyaline,  and  folded 
longitudinally.  Neither  pair  of  wings  are  functional  in  some 
forms,  but  in  most  both  pairs  function  in  flight. 

There  are  usually  eight  visible  abdominal  segments.  Spiracles 


Fia.  6L — ^Head  of  a  Pentatomid,  showing  the  herbivorous  typo  of  rostrum. 

occur  on  the  thorax  and  six  or  seven  abdominal  segments. 
These  are  reduced  in  number  in  Aleurodidce  and  Coccidce. 
The  aperture  of  a  stink-gland  is  found  on  the  metastemum  of 
some  adult  forms,  and  in  these  species  usually  on  the  third 
and  fourth  abdominal  tergum  of  the  nymph.  Legs  are  usually 
of  the  running  type,  the  hind-legs  for  swimming  in  the  aquatic 
forms,  the  fore-legs  for  digging  in  the  Cicada  nymphs.  They 
may  be  absent  in  female  Coccids.  In  Fulgorids,  Cercopids 
and  Jassids  the  hind-legs  are  formed  for  leaping. 

There  is  no  simple  means  of  sex  differentiation  in  many 
famiHes  of  the  Heteroptera  :  Capsids,  the  aquatic  Heteroptera, 
the  Homoptera  have  a  large  retracted  ovipositor,  easily  seen. 
Male  Coccids  often  have  a  large  penis.  Except  in  the  last 
family,  there  is  little  sexual  dimorphism. 

The  alimentary  canal  is  marked  by  the  sucking  pharynx, 
absence  of  gizzard,  and  otherwise  simple  character.  Salivary 
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glands  and  receptacles  are  well  developed.  The  tracheal 
system  is  normal,  reduced  only  in  the  Coccids  and  Aleurodids. 
The  nervous  system  is  not  concentrated,  and  the  sense  organs 
are  limited  to  eyes,  ocelli,  taste  and  touch  hairs,  and  a  large 
taste  plate  just  anterior  to  the  pharynx.  Sound  production 
is  a  feature  only  of  Cicadids  and  Corixids,  and  definite  sound- 
perceiving  organs  are  probably 
limited  to  simple  chordotonal 
organs  in  the  aquatic  Crypto- 
cerata  and  possibly  in  Cicadas 

The  life-history  is  uniform  in 
all  but  the  Coccids,  Psyllids, 
Aleurodids  and  Aphids.  Eggs  are 
laid  on  or  in  plants.  There  are 
five  nymphal  instars  with  wing-    ^^"z  «2— Head  of  a  Reduyiid, 

*  T  1  snowing  the  carnivorous  type 

lobes  m  the  last  two.    Adults  are      of  rostrum, 
of  both  sexes ;  the  life  of  the 

imago  is  long,  reproduction  occupies  a  considerable  time,  and 
there  is  little  difference  in  habits  between  nymph  and  adult. 
Hibernation  is  usually  as  an  adult,  but  this  does  not  hold 
with  Coccids,  Aphids,  etc.  Nearly  all  fall  into  one  of  four 
groups : 

(a)  Active  forms,  found  by  day  on  plants ;  herbivorous  or 
carnivorous. 

(b)  Active  nocturnal  forms,  herbivorous. 

(c)  Aquatic  diurnal  carnivorous  forms,  which  fly  at  night. 

(d)  Parasitic  forms  living  in  colonies  on  plants,  with  more 
or  less  modification  of  structure  and  life-history  in  accordance 
with  the  degree  of  immobility. 

Food  is  the  liquid  extracted  from  plants,  the  blood  of 
mammals,  the  liquid  extracted  from  insects. 

Checks  include  egg  parasites  (Chalcids),  Dryinids,  Strep- 
siptera,  Tachinids  and  other  nymph  parasites,  as  well  as 
Coccinellids,  Syrphids,  Chrysopids,  Hemerobids,  in  the  case 
of  the  smaller  inactive  species. 

An  unusual  feature,  in  the  Homoptera,  is  an  organ  called  the 
pseudovitellus  or  mycetoma,  whose  function  is  not  known. 
It  contains  organisms  similar  to  yeasts.  Sulc,  Pierantoni 
and  Buchner  have  written  about  these,  and  there  is  evidence 
of  a  symbiotic  relationship,  beneficial  to  both.    The  organ 
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and  its  flora  is  inherited.  In  some  families  it  is  a  large  and 
conspicuous  part  of  the  abdomen. 

This  order  is  widespread,  both  in  the  tropics  and  temperate 
regions.  It  includes  a  great  number  of  species.  Lethierry 
and  Severin  catalogued  Heteroptera,  There  is  a  special  litera- 
ture on  Coccidce  and  Aphidce,  and  individual  families  must  be 
consulted  for  monographs.  The  authorities  include  Distant, 
Kirkaldy,  Bergroth,  Stal,  as  well  as  special  authorities  on  the 
Coccidce  and  the  like.  Except  the  last  four  families,  there  is 
not  a  great  literature  apart  from  purely  systematic  works.  The 


Fig.  63. — ^Wings  of  Hemiptera.    A.  Anthocorid.    B.  Capsid. 

cl  =  clavus.  e  =  embolium.  co  —  corium.   cu  =  cuncus.   cm  »  cells  of  membrane, 
m  =  membrane. 

group  is  uniform,  with  little  diversity  of  habits,  and  not 
attractive  to  entomologists.  Catalogues  and  similar  reference 
books  are  therefore  few. 

The  economic  importance  is  due  to  the  great  number  of 
plant-sucking  species,  which  are  now  being  identified  as  carriers 
also  of  plant  disease.  The  important  families  are  Penta- 
tomids,  Lygaeids,  Pyrrhocorids,  Tingids,  Capsids,  and  the 
whole  Homoptera,  Coccids  and  Aphids  are  the  two  most 
important  families.  Cimicidce  include  the  Bed  Bug,  probably 
a  carrier  of  disease  in  man.  Eeduviidce  are  mainly  beneficial 
as  preying  on  other  insects,  but  some  may  transmit  disease  in 
vertebrates. 

Butler  (1923)  has  dealt  at  length  with  the  Biology  of  the 
British  Heteroptera, 


EHYNCHOTA 


237 


Sub-Order  I.  HETEROPTERA 

Base  of  hemelytra  thickened.  Front  of  head  not  touching 
fore -coxae.  Rostrum  free. 

(a)  GYMNOCERATA 
Antennae  conspicuous. 

Pentatomidje. 

Shield  bugs. 

The  mesothoracic  scutellum  large,  covering  the  abdomen 
to  the  middle  point  or  wholly. 

This  large  family  is  easily  recognized.  In  size  the  species 
vary  from  a  quarter  of  an  inch  to  over  an  inch.  Colouring  is 
cryptic  (greens,  browns,  dry-grass  colour- 
ing and  the  like),  or  violently  warning. 
The  colour  scheme  may  vary  with  each 
instar.  The  body  is  usually  flat :  the 
antennae  are  well  developed  ;  wings  and 
tegmina  are  used  in  flight,  but  the  latter 
may  be  absent  in  the  forms  which  have 
the  scutellum  covering  the  body.  Sex 
recognition  by  external  characters  is 
usually  impossible. 

The  life-history  is  that  of  the  group. 
The  eggs  are  upright,  shaped  like  a  barrel, 
with  an  upper  lid.  They  are  laid  in 
clusters  on  the  plant.  Habits  divide  the 
group  into  three  :  the  common  tropical 
ones  live  in  the  open  on  plants,  in  all 
stages;  the  less  common  ones  Uve  on  ^^p^^^ti^^if J  f^! 
plants,  but  feed  on  caterpillars ;  the  still  rona  interstinctum  L. 
less  common  species,  which  may  become 
enormously  abundant,  live  by  day  in  the  soil  and  emerge  at 
night.  Some  mimic  Scarabeids  very  closely,  and  have  well- 
developed  burrowing  legs.  Scent  production  is  a  common 
protection. 
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The  sub-families  of  the  Pentatomidce  have  been  monographed 
by  Schouteden  in  Genera  Insectorum,  Fasc.  24  (1904  and  1906), 
30  (1905),  52  (1907)  and  153  (1913). 

There  are  thirty-eight  British  Pentatomids. 

A  few  species  are  of  economic  importance  when  numerous ; 
they  are  included  in  the  following  genera :  Antestia  spp.  are 
pests  of  coffee  bushes.  Bagrada  attacks  crucifers,  as  does  also 
Eurydema  and  Murgantia.  Wheat  is  attacked  by  Chlorochroa 
and  rice  by  Nezara  and  Podops.  Dolycoris  is  injurious  to 
sunflowers.   Cotton  is  attacked  by  Pentatoma, 

COREIDiE. 

Leaf -footed  bugs. 

Antennae  inserted  above  a  line  drawn  from  the  eyes  to  the 
base  of  the  rostrum.  Scutellum  smaU.  Rostrum  not 
curved. 

This  is  a  large  and  widely  distributed  family  of  insects 
ranging  in  size  from  a  quarter  to  one  and  a  half  inches  :  many 
are  broad  and  somewhat  heavily  built,  while  others  are  more 
slender.  Bright  colouring  is  not  often  seen  in  this  family,  the 
majority  of  its  members  being  dull  brown  or  green,  in  many 
cases  resembling  dried  leaves  or  grass. 

The  head  is  small  and  set  somewhat  deeply  in  the  prothorax. 
The  antennae  are  four-jointed  and  moderately  long ;  the 
rostrum  also  is  four-jointed.  The  large  prothorax  and  the 
abdomen  are  often  furnished  with  lateral  spine-like  processes. 
The  legs,  especially  the  posterior  pair,  are  in  many  cases 
expanded  in  a  leaf-like  fashion,  a  feature  which  gives  rise  to 
the  name  of  leaf -footed  bugs."  The  hemelytra  cover  the 
wings,  which  are  often  used.  The  dorsal  surface  of  the 
abdomen,  only  seen  when  the  insect  is  in  flight,  is  in  many 
cases  brightly  coloured. 

The  life-history  is  typical  of  the  group.  The  eggs  are  of 
two  types :  (1)  oval  and  flattened,  without  ornamentation ; 
(2)  more  elongate,  upper  surface  not  flattened.  They  are  laid 
in  clusters  on  the  plant.  The  resulting  nymphs  undergo  five 
moults  before  attaining  maturity;  the  wing-lobes  do  not 
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appear  until  the  third  moult.  Stink  glands  are  present  in 
the  nymphs  on  the  dorsal  surface  of  the  abdomen.  The  habits 
of  nymphs  and  adults  are  similar,  both  being  feeders  on 
plant-sap. 

Twenty-four  species  are  found  in  Britain. 


Fig.  G5. — Coreid  (about  nat.  size). 


This  family  is  not  of  great  economic  importance ;  a  few 
species,  however,  are  recorded  as  pests.  Cucurbitaceous 
plants  are  attacked  by  species  of  Anasa  and  Leptoglossus ; 
pulse  crops  by  species  of  Clavigmlla,  and  species  of  Leptocorisa 
infest  rice. 

Bebytidjb. 

Like  Coreidae,  but  with  long  legs  ;  the  apices  of  the  femora 
knobbed. 

This  family  consists  of  a  few  insects  of  delicate  and  slender 
build.  They  bear  considerable  resemblance  to  the  smaller 
Coreids,  but  may  be  distinguished  from  them  by  the  longer 
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legs  and  the  knobbed  apices  of  the  femora.  The  colouring 
is  usually  unobtrusive. 

Up  to  the  present  they  have  been  somewhat  overlooked, 
and  little  is  known  of  their  life-history ;  but  it  is  reasonable 
to  suppose  that  their  habits  are  similar  to  those  of  the 
Coreids. 

There  are  eight  British  species  of  no  economic  importance, 

LYG^iDiE  {MyodocMdce,  Colobathristidce), 
Antennae  inserted  on  the  side  of  the  head.   Ocelli  present. 

A  large  family,  widely  distributed  throughout  the  world. 

Many  of  these  insects  cannot  easily  be  distinguished  from 
many  of  the  smaller  Coreids ;  but  as  a  rule  the  antennae  are 
obviously  inserted  on  the  sides  of  the  head,  nearer  the  eyes 
than  in  the  Coreids.  The  venation  of  the  membranous  part 
of  the  hemelytra  also  differs,  for  in  the  Lygaeids  there  are  two 
basal  cells  which  are  wanting  in  the  Coreid  venation.  Large 
size  is  not  a  characteristic  of  these  insects,  few  being  over  half 
an  inch  in  length.  The  colouring  is  variable,  in  some  cases 
being  vividly  warning,  and  in  others,  dull,  cryptic  brown  or 
grey. 

The  head  is  of  moderate  size,  with  compound  eyes,  two 
ocelli  and  fairly  long  antennae.  The  rostrum  is  straight. 
The  legs  are  long.  Sex  recognition  by  external  characters  is 
very  difficult,  if  not  impossible. 

The  liie-histories  of  few  species  have  been  worked  out. 
Oval  eggs  are  laid  in  clusters,  either  on  the  soil  or  on  the  food- 
plants.  Some  species  are  undoubtedly  plant-feeders,  and  a 
few  are  known  to  be  predaceous  :  but  the  habits  of  the  majority 
remain  a  matter  of  conjecture.  Both  adults  and  nymphs  are 
found  in  a  variety  of  situations  :  in  grass  and  low  herbage, 
among  fallen  leaves,  and  on  tree  trunks,  in  some  cases. 

There  are  sixty-six  British  species,  all  of  which  are  small, 
dull-coloured  forms. 

There  are  a  few  Lygseids  of  economic  importance,  such  as 
species  of  the  genus  Blissus  which  attack  wheat.  Oxycarcenus 
and  Oncopeltus  are  serious  pests  of  cotton  as  they  not  only 
suck  the  seeds,  but  stain  the  lint  with  their  excreta. 
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PYRRHOCOBIDiE. 

Like  Lygaeidae,  but  without  ocelli. 

This  family  contains  about  300  species,  widely  distributed 
throughout  the  world.  They  are  as  a  rule  larger,  from  a 
quarter  inch  to  two  inches  in  length,  and  more  brightly  coloured 
than  the  Lygseids,  to  which  in  general  characters  they  are 
similar.  The  chief  point  of  distinction  between  the  two 
f  amihes  is  the  absence  of  ocelli  in  the  Pyrrhocorids.  In  several 
species  the  membranous  portion  of  the  hemelytra  is  either 
much  abbreviated  or  entirely  wanting,  and  the  wings  also 
are  absent.  External  sex  recognition  is  difficult,  except  in 
the  case  of  Lohita  grandis^  in  which  the  male  has  an  abdomen 
of  about  twice  the  usual  length,  and  very  long  antennae. 

As  far  as  is  known  the  life-history  is  more  or  less  that  of  the 
group.  Eggs  are  laid  on  plants  or  on  the  bare  ground.  Both 
nymphs  and  adults  are,  as  far  as  can  be  ascertained,  plant- 
feeders,  and  may  usually  be  seen  feeding  openly  on  the  food- 
plants.  The  number  of  broods  a  year  varies  according  to 
species  and  climate.  One  species  is  gregarious  and  has  been 
found  living  together  in  great  numbers  in  depressions  on  the 
bark  of  trees.  Dysdercus  dngulatus  also  is  often  found  living 
gregariously  on  the  silk-cotton  plants  in  India.  In  common 
with  Lygaeids,  Coreida,  etc.,  Pyrrhocorids  possess  glands  which 
secrete  an  odoriferous  fluid. 

There  is  only  one  British  species,  belonging  to  the  genus 
Pyrrhocoris, 

Regarding  economic  importance,  the  only  species  which 
can  really  be  termed  pests  are  contained  in  one  genus 
(Dysdercus).  These  few  species  are  known  as  the  "cotton 
stainers  "  and  do  considerable  damage  to  the  cotton  in  the 
bolls  by  staining  it  a  reddish  tinge  with  their  excreta.  It  is 
also  thought  that  they  stain  the  cotton  fibre  before  the  boll 
opens,  by  introducing  a  fungus  through  the  medium  of  the 
rostrum.  There  are  about  twelve  species  of  these  ''stainers," 
of  which  perhaps  the  most  important  are  D.  dngulatus  in 
India,  D.  ruficollis  in  the  West  Indies,  and  D,  suturellus  in 
U.S.A. 

B 
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Lace- wing  bugs. 

Hemelytra  reticulate.  Pronotum  usually  with  reticulate 
markings  extending  on  lateral  leaf -like  expansions.  Tarsi 
two -jointed. 

A  family  of  moderate  size  and  fairly  wide  distribution. 
Tingids  are  inconspicuous  little  insects,  few  of  them  attaining 
a  length  of  a  quarter  of  an  inch.  In  spite  of  their  dull  colouring 
they  will,  on  closer  examination,  be  found  to  be  very  beautiful, 
owing  to  the  intricate  reticulation  of  the  hemelytra,  a  feature 
giving  rise  to  the  name  of  ''lace-wing  bugs." 

The  head  is  small  and  in  many  cases  covered  by  the  prono- 
tum, which  usually  has  lateral,  leaf -like  expansions,  gracefully 
reticulated.  With  the  exception  of  one  genus  (Piesma),  the 
pronotum  extends  down  over  the  scutellum,  concealing  it. 
Piesma  is  also  the  only  genus  in  which  ocelli  are  present. 
The  third  joint  of  the  antennae  is  usually  very  long,  and  the 
apical  joint  is  frequently  somewhat  clubbed.  The  rostrum, 
when  at  rest,  lies  in  a  deep  groove. 

All,  so  far  as  known,  are  plant-feeders.  Some  species  are 
gregariously  inclined.  The  eggs  are  usually  laid  on  plant 
tissues;  the  nymphs  feed  openly  on  the  plants. 

There  are  twenty-two  British  species. 

Economically  this  family  is  of  little  importance,  there  being 
but  few  species  recorded  as  pests.  Tingispyri  attacks  pear  in 
Europe,  and  members  of  two  genera,  Leptobyrsa  and  Stephanitis, 
damage  the  leaves  of  rhododendrons. 

Aradidjs. 

Broad,  flat  insects.  Scutellum  long.  Abdomen  pro- 
jecting beyond  at  the  sides.   Tarsi  two -jointed. 

This  family,  which  has  a  wide  distribution  in  both  temperate 
and  tropical  regions,  consists  of  about  300  flat,  obscurely 
coloured  little  insects.  They  are  all  easily  recognized  by  the 
fact  of  their  flatness  and  having  the  apex  and  sides  of  the 
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abdomen  extending  beyond  the  hemelytra  and  being  visible 
from  above.    The  colouring  is  black  or  brown. 

The  antennae  are  foin:-jointed,  somewhat  short  and  thick. 
There  are  no  oceUi.  The  scutellum  is  rather  long  and  the 
abdomen  is  often  sculptm*ed.  The  fore-legs  are  inserted  on 
the  disc  of  the  prosternum.  The  hemelytra  lie  flat  on  the 
abdomen,  but,  as  stated  above,  do  not  entirely  cover  it. 

The  habitat  of  both  nymphs  and  adults  is  usually  under 
bark,  but  they  have  also  been  found  in  decaying  wood,  under 
stones,  or  among  fallen  leaves.  Little  is  known  of  the  life- 
history.  The  nymphs  are  in  some  cases  more  brightly  coloured 
than  the  adults  ;  an  instance  of  this  may  be  seen  in  Anenms 
Icevis,  a  British  species.  A  definite  statement  as  to  the  food- 
habits  cannot  yet  be  made,  but  fungus  growths  under  bark, 
etc.,  probably  form  the  greater  part  of  their  diet. 

There  are  six  British  species. 

Hebrides. 

Small .  Body  clothed  below  with  dense ,  silvery  pubescence . 
Antennae  five -jointed. 

This  family  contains  only  about  a  dozen  species,  all  of  which 
are  very  small  and  inconspicuous.  The  silvery  pubescence  on 
the  underside  of  the  body  should  render  these  insects  easy  to 
recognize,  as  they  differ  from  the  Hydrometrids  in  having  five- 
jointed  antennae. 

Little  is  known  of  the  life-history  and  habits.  They  are 
usually  found  in  wet  moss. 

There  are  two  British  species,  both  belonging  to  the  genus 
Hebrus. 

Hydrometeid^. 

Antennae  four -jointed.  Tarsi  two-jointed.  Body  clothed 
beneath  with  silvery,  velvety  pubescence.  Live  on  the 
surface  of  water. 

This  family  contains  some  160  species,  widely  distributed 
throughout  the  world.  They  vary  considerably  in  form,  but 
are  all  of  dull  colouring,  being  usually  grey,  black,  or  yellow- 
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ish.  Some  are  quiU^  small ;  othrrs  an*  nvrr  an  iin  li  in  Ii-ngth  ; 
the  majority  an^  elongatt*  and  narrow. 

In  most  cases  th(^  ant(*rma*  an»  long  and  tlir  vyvf^  wvll 
developed.  Th(^  rostrum  is  sJiort  and  curvi**!.  X<*arly  all 
arc  winged,  and  th(^  lienielyira  an^  uhually  without  any  mem- 
branous portion.  In  the  gentts  Halofmiis  \mth  hemelytra  and 
wings  are  ahs(^nt,  and  the  meso-  and  meta  thonix  are  very 
closely  united,  forming  tln^  major  part  of  the  hfidy.  the  ahfiomen 
being  very  small.  (i(*n(Tally  the  abdomen  in  of  normal 
structure,  and  the  body  is  elothc^d   benf*ath  with  a  di^nne. 


silvery  pubeHC(*nec»  of  a  v(*lvety  natun*.  The  legn  i%tv  tinufiUy 
long,  esjMH'aally  the  intermediate  and  }Ktj^ti*riiir  jiair^  ;  in  wiiiie 
species  thoy  are  v<Ty  long.  The  ffire  lej^s  of  ^umw  h\h*v'wh  are 
prehensile. 

Theme  curious  inseets  live  on  the  stirfaee  cif  the  water  in 
jKmdH  and  Htreams.  The  majority  havi*  thi*  tmiiHual  habit  of 
walking  and  running  on  the  surface  film  without  breaking 
through.  Home  simeies  drown  if  subrnergi'd  ;  otbern  are  abb* 
to  go  beneath  the  surface,  taking  a  Hupply  of  air  with  them. 
They  sometimes  leavi*  th<*  water,  walking  on  plants  by  the 
bank.    Some  are  very  active,  others  more  shiggii^h,    Thvy  are 
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predaceous,  feeding  on  small  insects  that  chance  to  fall  into 
the  water. 

The  eggs  are  usually  encased  in  a  gummy  secretion  and 
attached  to  the  stems  of  submerged  plants. 

The  genus  Halobates  is  entirely  marine ;  specimens  have  been 
found  on  the  surface  of  the  sea  500  miles  from  the  land.  In 
rough  weather  these  insects  are  said  to  go  below  the  surface. 
Their  food  is  either  recently  dead  organisms  or  the  smaller 
forms  of  jelly-fish.  Eggs  have  been  found  laid  on  a  floating 
feather,  and  in  one  instance  a  female  has  been  found  with  eggs 
attached  to  her  body. 

There  are  fourteen  British  Hydrometrids. 

HENICOCEPHALIDiE. 

Head  long,  divided  into  two  distinct  lobes.  Rostrum  short, 
curved.  Hemelytra  membranous  throughout,  conspicuously 
veined. 

A  small  but  widely  distributed  family  of  one  genus,  con- 
taining about  a  dozen  species.  They  are  small,  elongate 
insects  allied  to  the  Reduviids,  but  may  easily  be  distinguished 
by  the  curious  formation  of  the  head,  which  is  swollen,  globe- 
like, behind  the  eyes.  Ocelli  are  situated  on  this  globular 
part :  the  antennae  are  placed  on  the  front  portion.  The 
rostrum  is  short  and  curved.  The  somewhat  large  hemelytra 
are  membranous  throughout  and  distinctly  veined. 

Judging  by  the  shape  of  the  rostrum,  these  insects  are 
probably  predaceous.  They  have  been  found  in  damp, 
decaying  vegetation.  Westwood  says  they  are  inclined  to  be 
gregarious,  and  have  been  seen  dancing  in  the  air,  like  midges. 

There  are  no  British  representatives,  the  nearest  species 
occurring  in  Southern  Europe. 

PHYMATIDiE. 

Fore-legs  short  and  stout,  femur  broadened,  tibia  curved 
and  pointed,  pressed  tightly  against  femur.  Tarsi  absent 
in  some  cases. 

This  family,  which  is  fairly  widely  distributed  in  both 
temperate  and  tropical  regions,  contains  from  90  to  100 
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Kpocies.  Thoy  an^  wry  curiouH  iiiHedH  and  littli*  is  kuoun 
ubout  ih(»m. 

Tlic  structun^  of  tin*  f<)n»-I(*gs  is  wry  uuuhuhU  f^jH  t  ially  in 
Kome  forniH  in  \vhi("h  ihv  tibia  is  arti<-ulati'<i  to  iIm*  fninir  in 
Huch  a  way  that  a  pinccr  like  structure  is  ihv  n-MiIt  ;  in  ihi^v 
forms,  as  well  as  in  sonu»  oIIuts,  the  ta^^i  are  wanting:.  In 
some  speeii^s  the  fore- legs  an*  raptorial.  The  inti  rine»!iate  and 
posterior  l<»gs  arc  of  normal  <'}uira<'ter.  'Ilie  eye,^  are  large 
and  sonn^what  f)roinim»nt .  The  pron<»tunt  and  sith^  of  the 
ah(h)nien  of  sonx*  sfweies  are  furnishe<l  with  spine>». 

It  is  l)eli(^ved  that  these  in?^eets  are  predaeeouh.  an<i  imleed 
one  species  at  h^ast  is  known  to  (»apture  and  suek  honry  dees. 
Then*  an^  no  British  species,  the  nearcht  oeeiirring  in  Kranei*. 

Kkim  vhim;. 

Rostrum  curved,  usually  Htout,  not  cIoHcly  primmed  to  the 
prostcrnum.   Head  usually  elongate. 

A  large  fauiily  eontaifiing  some  2JHm  hjM-eieh.  wiflely  fli-tri 
hut(»d  in  hoth  iem{MTate  and  tropieal  regions. 

Reduviids  are  UHually  al>out  half  an  ineh  in  length,  hni 
many  are  only  a  <juarter  of  an  inc  h  long,  while  others  nniy 
attain  tln^  length  of  an  ineh.  In  eolour  they  are  either  dull 
or  vividly  warning,  many  l>eing  liright  red  and  hhiek.  Thi*y 
vary  greatly  in  form,  hohk*  ri*semhling  «»ther  hugs  such  as 
(joreids,  Pyrrhoeorids,  Lygieifls,  while  oth(*rM  are  very  lik<* 
certain  flicks,  ants,  (*te. 

The  head  is  usually  long,  with  a  Hh«»rt,  somewhat  i^tunt 
thrco-joint4Hl  rostrum,  which  is  curved*  and  not  pri*s.**i*d  closely 
against  th(5  proHternum.  The  cfunjMnmd  even  are  phict^d  at 
a  consiflerahlo  distance  from  the  prcftiotum.  Ocelli,  when 
pnment,  arc  placed  fx^liind  the  <»yes.  The  antennfe,  usually 
of  moderate  length,  are  sometimes  very  long,  anil  in  mmw  casrs 
hairy.  The  prothorax  is  w^ell  deve!ojK*d  attd  fift<»n  hears  a 
transverse  cfmstriction  in  the  mifhHe,  The  hemelytra  con- 
sist of  three  divisions  and  wings  are  usually  present  ;  lint  srimi* 
females  are  wingless.  The  legs  vary  ec»nsi<h*rftlily  ;  in  mmv 
HiK*.cies,  which  resemhle  flies  such  as  Tipulids,  they  are  very 
long  and  nlender,  and  in  many  cases  hairy.   Home  forms  havi? 
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the  femora  and  tibiae  spiaed,  while  the  fore-legs  are  often 
dilated  and  spined. 

Although  so  large  and  curious  a  family,  little  is  known  of  the 
life-history.  As  far  as  has  been  ascertained,  eggs  are  laid  in 
clusters  on  plants,  etc.  They  are  cylindrical,  with  a  lid  at  one 
end  for  the  emergence  of  the  young  Reduviid.  It  is  said  that 
in  Brazil  the  nymphs  of  the  genus  Ghilianella,  which  are  of 
very  slender  form,  are  carried  about  by  the  female,  the  elongate 
nymphs  curling  their  abdomen  round  her  body.  The  nymphs 
of  one  of  the  British  species, 
Nabis  lativentris,  greatly  re- 
semble ants,  with  which  they 
run  about  on  plants. 

The  majority  of  the  Redu- 
viids  are  predaceous,  catching 
other  insects  and  sucking  their 
juices.  A  few  species  are  be- 
lieved to  be  herbivorous.  Many 
emit  an  odour,  more  or  less 
unpleasant,  and  some  of  the 
more  powerful  forms  are  pos- 
sessed of  a  somewhat  poisonous 
bite,  and  do  not  hesitate  to 
attack  man.  Some  species  of 
the  genus  Conorhinus  are  found 
in  houses,  where  the  young  have  j,^^  o7.-Typical  Reduviid 
been  seen  with  a  covering  of  (about  nat.  size), 

dust,  etc.,  adhering  to  the  body. 

These  may  have  an  importance  in  the  transmission  of  disease 
organisms .  Redu viids  are,  as  a  rule,  both  diurnal  and  nocturnal 
of  habit.   Hibernation  usually  takes  place  in  the  adult  stage. 
There  are  eighteen  British  species. 

On  account  of  their  predaceous  habits  Eeduviids  are  possibly 
beneficial. 

Rostrum  curved,  long.   Ocelli  placed  between  the  eyes. 

A  family  of  about  100  species,  fairly  widely  distributed. 
Saldids  are  dark-coloured,  active  little  insects,  with  a  long, 
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curved  rostrum  and  ])r()min(^nt  eyes,  l)eiwr(»n  which  lattrr, 
ocelli  arc  placed.  The  scui<'lhun  is  larg<*.  The  heinelytra. 
whicli  entirely  cover  the  ahdonien,  an*  without  a  euneus. 

These  little  inse(;ts  h^id  a  s(»nu  a({uatie  lif(»  in  wi  t  nufhs  ntul 
material  of  a  similar  nature.  They  an*  v<«ry  active*,  aricl  may 
often  1)0  seen  running  ainl  jumping  ahout  on  wet  nuicl.  Thvy 
aroahlo  to  fly,  and  some  species  an*  attracted  hy  liglit .  N(»thing 
is  known  of  th(^  <»arlier  Htag(*s,  There  are  nineteen  Hriti^h 
«pecieH,  all  of  which  Ix^long  to  th(*  genus  Sftlda. 


Head  short.    Hemclytra  short,  wingn  ahnent.  Murine. 

One  siw»cies,  AvpophilU'S  fHnntairvi,  eftinj>ri>e}s  tlii,^  faniily. 
It  is  a  small  insect,  Hp(*nding  the  gn-ater  part  of  its  life  f'<»veri  d 
by  the  sea  (c.f.  Aepus,  Carahuld).  It  has  a  very  short  head, 
without  ocelli.  The  hem<*lytra  are  very  ^hort  and  wings  are 
entirely  absent.  It  occurs  most  frecpiently  (»n  thi*  shores 
of  WeKt(»rn  Fran(!e,  wh<*re  it  is  nearly  always  invered  hy 
the  water.  It  very  possibly  liv<'s  cm  small  ^fiff  nutrine 
animalH  or  on  Algm.  It  has  la»en  found  tui  the  Sutith  (*oa^t 
of  England  and  the  Ka^t  Coawt  of  Irelanfl. 


('KltAToeoMHIOK. 

Hemelytra  with  cun^us  and  embolium.  Antenmi*  with 
the  two  apical  joints  lonf^  and  i^iender,  with  ionit  hairit. 

This  is  a  Kmall  family  containing  ahout  thirty  minute 
BpecicH.  Th(^  hea<l  in  som(*what  prohmged  in  front,  with  the 
cycH  set  rather  far  hax^k.  C)<»elli  are  present.  The  tar^i  are 
three- joint(»d. 

Little  is  known  of  the  hahits  or  life  history.  The  adults 
have  up  to  the  prc^sent  be<»n  fomul  only  in  damji  sitiintt<»ns, 
such  as  moHH,  dead  leaven,  etc.  Then*  an*  only  three  liritii-h 
Bpecies,  which  hy  Home  author?*  have  been  inchidetl  with  the 
Cimicidm. 
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ClMICID^. 

Body  very  flat.  Hemelytra  and  wings  practically  absent. 
No  ocelli. 

This  family  contains  only  about  a  dozen  species,  most  of 
which  are  widely  distributed. 

They  are  small,  reddish-brown  insects,  round  in  shape  and 
very  flat.  The  head  is  short  and  broad,  with  four-jointed 
antennae  and  somewhat  prominent  compound  eyes ;  there  are 
no  ocelli.  The  rostrum  rests  in  a  groove  beneath  the  head. 
The  prothorax  is  well  developed.  The  legs  are  moderately 
long,  with  three-jointed  tarsi.  The  hemelytra  are  very  rudi- 
mentary and  wings  are  absent,  so  that  the  broad,  flat  abdomen 
is  left  uncovered. 

All  the  members  of  this  family  are  parasitic  on  the  bodies 
of  mammals  and  birds.  The  ill-famed  bed-bug  [Cimex  leciu- 
larius)  belongs  to  this  family,  and  is  often  found  in  the  habita- 
tions of  man.  The  life-history  has  been  worked  out.  Oblong, 
sculptured  eggs  are  laid  in  cracks  of  furniture,  flooring,  etc. ; 
they  are  provided  at  one  end  with  a  lid  for  the  emergence  of 
the  nymphs,  which  takes  place  in  from  five  to  ten  days  after 
the  laying  of  the  eggs.  Five  moults  are  undergone  before 
maturity  is  reached,  and  in  favourable  conditions  are  effected 
in  two  months  but  the  life-history  can  be  greatly  prolonged 
should  the  conditions  be  unfavourable.  During  cold  weather 
the  bugs  become  torpid,  laying  up  in  cracks,  etc.  Before  each 
moult,  and  before  the  process  of  egg-laying,  a  meal  of  blood 
seems  to  be  required.  When  the  bug  wishes  to  suck  blood,  it 
injects  saliva  into  the  wound  made  by  its  piercing  organ, 
causing  a  flow  of  blood  to  the  spot,  enabling  the  bug  to  gorge 
itself  unhindered.  Bed-bugs  are  nocturnal,  hiding  away  in 
cracks  and  crannies  during  the  day.  They  are  possessed  of  an 
offensive  smell.  Cockroaches  and  Red  Ants  are  the  best- 
known  natm^al  checks  on  these  noisome  insects. 

Other  members  of  the  family  infest  birds  and  bats,  and  in 
general  characters  are  similar  to  the  bed-bug. 

Four  species  are  found  in  Britain,  of  which  the  notorious 
C.  lectularius  is  the  best  known. 

Beside  the  mere  fact  of  their  unpleasantness,  bed-bugs  are 
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regarded  with,  great  suspicion,  as  they  might  well  be  the 
carriers  of  some  dread  disease ;  but  so  far  no  definite  accusation 
can  be  made,  except  in  India,  where  it  is  stated  that  these  bugs 
aid  in  the  transmission  of  "kala-azar." 


ANTHOCORID-aE. 

Hemelytra  with  embolium  and  cuneus.  Ocelli  present. 
Head  produced  in  front.  Third  and  fourth  joints  of  antennse 
not  twice  as  long  as  first  and  second  together. 

This  family  comprises  some  300  small  insects  of  wide 
distribution.  They  are  usually  dull  coloured  and  incon- 
spicuous. 

The  head  is  produced  to  a  point  in  front.  Ocelli  are  present 
and  the  eyes  are  set  not  far  from  the  pronotum.  The  antennae 
are  of  moderate  length.  The  hemelytra  have  both  cuneus  and 
embolium ;  in  a  few  cases  they  are  somewhat  abbreviated,  the 
membranous  part  being  absent.  The  legs  are  of  moderate 
length.  Some  species  live  under  bark,  others  occur  in  ants' 
nests  ;  the  majority  are  found  on  flowers,  where  it  is  considered 
they  feed  on  pollen.  A  few  species  are  definitely  known  to 
capture  and  suck  Thrips. 

There  are  twenty-nine  British  species. 


POLYCTENIDiE. 

Hemelytra  short,  undivided.  Antennae  four -jointed. 
Rostrum  three -jointed.   Body  hairy.   Tarsi  four-jointed. 

Only  seven  species  are  known  of  this  curious  family.  Beyond 
the  fact  of  their  being  found  on  the  bodies  of  certain  bats, 
little  is  known  about  them.  One  species,  Polyctenes  lyrcB,  has 
been  described  as  being  elongate  and  flattened,  with  the 
head  divided  into  two  portions,  and  the  upper  surface  of 
the  body  clothed  with  minute  hairs.  Westwood  figures  P. 
fumarius  with  the  intermediate  and  posterior  pairs  of  legs 
very  long. 

No  species  have  been  recorded  from  Britain, 
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CAPSlDjei  (Miridce). 
Hemelytra  with  cuneus,  no  embolium. 

This  family  is  one  of  the  largest  and  most  widely  distributed 
of  the  Hemiptera. 

Capsids  are  small  to  moderate  sized  insects,  with  rather  more 
delicate  integument  than  most  of  the  other  families.  Bright 
coloured  species  are  not  often  seen,  the  majority  being  dull 
yellow,  green,  brown,  etc.  They  vary  in  shape,  some  being 
narrow  and  elongate,  while  others  are  of  more  oval  form. 


Fig.  68. — A  Capsid. 


The  head  is  distinct,  with  four-jointed  antennae,  of  which 
the  basal  joint  is  in  many  cases  dilated.  The  eyes  are  well 
developed  and  ocelli  are  present  in  some  species.  The  rostrum 
is  four- jointed  and  more  or  less  closely  applied  to  the  prester- 
num, but  not  in  a  groove.  The  hemelytra  and  wings  are  some- 
what large.  The  embolium  is  in  some  species  partially  present, 
but  in  no  case  is  it  entirely  so.  The  legs  are  slender  and 
moderately  long.   Capsids  fly  readily,  are  active,  and  many 
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have  the  power  of  leaping  like  the  Halticids.  The  spe 
one  genus,  Helopeltis,  have  a  curious  structure  reseral 
pin,  projecting  up  from  the  scutellum. 

The  majority  of  Capsids  are  herbivorous,  occurring  ii 
and  low  vegetation.  A  few  species  are  thought  to  l 
daceous. 

Eggs  are  laid  in  plant  tissues,  the  female  being  pr 
with  an  extrusible  ovipositor  for  this  purpose.  In  soixi' 
the  eggs  are  provided  with  a  converging  long  and  she: 
cess,  the  ends  of  which  are  exposed  and  not  buried  in  th.^ 
tissues  with  the  rest  of  the  egg.  The  nymphs  usually  u 
five  moults. 

There  are  176  British  species. 

A  considerable  number  of  Capsids  are  of  economic  i: 
ance,  as  they  are  injurious  to  various  crops.  Spec 
Calocoris  are  injurious  to  hops,  millet  and  beet.  Two 
of  Disphinctus  are  injurious  to  the  betel- vine  and  ciii 
Dicyphus  spp.  attack  tobacco.  Helopeltis  theivora 
''mosquito  blight"  of  tea  in  India.  Heterocordylus  cc 
species  which  attack  plum  and  apple  trees.  Several  spc 
Lygus  are  injurious.  Oncognaihus  and  Orthotylus  also  c 
injurious  species.  Plesiocoris  sp.  is  a  pest  of  apples,  j 
capsus  sp.  attacks  potato  and  gooseberry. 

(6)  CRYPTOCERATA 

Mainly  aquatic.  Antennae  concealed.  Front  of 
touching  fore -coxae. 

PELOGOKiDiE  {GalguUdce). 

Body  short  and  broad.  Head  very  broad,  with  proi 
eyes  ;  ocelli  present.  Posterior  legs  thin,  forme 
running. 

A  small  family  of  about  twenty  species  widely  disti 
over  the  world. 

They  are  small  to  moderate  sized  insects,  broad  and 
shape  and  dull  of  colour.  The  head  is  very  broad,  w- 
eyes  large  and  prominent :  ocelli  are  also  present ;  th< 
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as  a  whole  is  short,  broad  and  compact.  The  posterior  legs 
are  somewhat  long  and  formed  for  running.  The  fore-legs  of 
some  species  are  raptorial  and  have  the  femora  dilated. 

Pelogonids  are  only  semi-aquatic  in  habit,  and  are  usually 
found  on  damp  mud,  etc.,  near  streams.  On  land  they  are 
very  active,  running  and  leaping  readily ;  but  in  the  water  their 
movements  are  awkward,  as  they  are  obviously  not  adapted 
for  swimming.  The  life-history  is  not  known ;  in  all  prob- 
ability they  are  predaceous. 

There  are  no  British  species,  the  nearest  representative  of 
the  family  occurring  in  the  south  of  Europe. 

Nepidje. 

Water  scorpions. 

Fore-legs  raptorial,  attached  to  front  of  presternum. 
Abdomen  terminated  in  a  pair  of  respiratory  processes. 

This  is  a  family  of  curious  insects  found  in  fresh  water.  They 
are  widely  distributed.  Recognition  should  be  easy,  for  they 
are  all  flat  dingy  insects,  with  large  raptorial  fore-legs.  In 
shape  they  are  either  elongate-oval  {Nepa),  or  elongate  and 
narrow  (Ranaira).  The  rostrum  is  short  and  powerful  and 
the  eyes  well  developed.  The  pronotum  is  well  developed. 
The  hemelytra  entirely  cover  the  abdomen  and  wings.  At  the 
apex  of  the  abdomen  there  are  two  long  filament-like  pro- 
cesses, which,  fitting  together,  form  a  tube  for  the  passage  of 
the  air  to  the  spiracles  under  the  hemelytra.  In  many  cases 
the  dorsal  surface  of  the  abdomen,  seen  only  when  the  heme- 
lytra and  wings  are  apart,  is  brightly  coloured.  The  inter- 
mediate and  posterior  legs  are  of  moderate  length.  These 
curious  insects  live  in  shallow,  fresh  water,  preferring  that 
which  is  nearly  stagnant. 

The  eggs  are  curious,  being  provided  at  one  end  with  a 
number  of  filaments,  of  which  there  are  two  in  the  genus 
Rariatray  and  seven  in  Nepa.  It  is  supposed  that  a  supply  of 
air  is  conveyed  to  the  body  of  the  egg  by  these  filaments.  The 
eggs  of  Nepa  are  laid  in  the  stems  of  submerged  plants,  with 
the  ends  of  the  filaments  projecting.  Ranatra  eggs  are  more 
usually  laid  in  the  stems  and  leaves  of  floating  plants. 


254 


MANUAL  OF  KNT()M()L()(iV 


Both  nymphs  aud  mhilts  arc  prcilaccous,  oat<'hiiig  and 
Bucking  th(^  small  forms  of  aquatic  lif(^  They  art*  somewhat 
shiggish,  clinging  to  weeds,  etc.,  for  long  periofis. 

There  arc  two  British  sj)ecies,  one  belonging  to  A'r/^a,  and 
the  othc^r  to  Jiavalra, 

NAC('<)un>.'K. 

Posterior  tibiae  spiny.  Fore-lefts  inserted  on  disc  of 
anterior  margin  of  prostcrnum. 

A  small  hut  widely  distrihule<l  family  of  aqtuitie  innects  of 
moderate  size  and  compact  l)uild,  UHually  <lull  hnmn  or  hhic^k 
in  colour. 

Tho  iuuid  is  HonH^what  sunk  into  the  thorax  ;  tlie  eyes  are 
well  d(^velo{)ed.  The*  fore  legs  an*  more  or  less  raptorial;  the 
middle  and  jH)sterior  legs  an*  forme<i  for  swimnnng,  the  pos- 
terior pair  having  the  tibia*  spiny.  The  In^nielytra  cover  the 
ahdonu^i  and  probably  hold  a  supply  <if  air. 

Beyond  the  fa(^t  of  th<*ir  being  predaceous  and  living  in 
fresli  wat(T,  little  is  know^i  of  thi*  Xaucorids.  They  are  much 
more  actives  tluin  tlu*  N<*pids. 

There  an*,  two  Britisij  species,  of  which  one.  belonging  to 
the  genus  Navroris,  is  rpiite  connnon. 

Bki.ostomio.k. 

Posterior  tibisie  fiat,  with  swimminft  haJr^i.  Antennae 
four-jointed.  Fore-lefts  inserted  on  disc  of  anterior  marftin 
of  prosternum. 

This  family,  which  c<»ntains  th</  largest  f>f  the  ilemipterouK 
InsectH,  is  wid<*ly  di.KtrilMiti»tb  but  <'hietly  occurs  in  tropical 
regions.  'Jlie  species  of  tin*  gt*nus  lUUmUmu  are  very  big.  one 
at  least  b(*ing  from  4  tf)  4i  irjches  hmg.  Hieri*  are  otlicr 
siK^cicH  of  mon*  moderate  si7.e.  All  are  dark  hrowfi  or  black. 
In  shape  t\wy  an*  cdongate-oval  and  somewhat  flattcncfb 

Tho  head  is  set  deeply  in  the  tliorax.  Hie  eyes  are  htrge 
and  pronun<*nt.  T\w  nmtrum  is  short  Intt  j>owerfu!.  The 
four-joint(»d  antenna*  are  tisually  hidd<*n,  an<l  in  the  vmv  of 
Ikhatimnu,  are  rec<*ived  into  a  very  ileep,  «»ar  like  jKa  ket.  The 
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fore-legs  are  stout  and  more  or  less  raptorial ;  the  middle  and 
posterior  pairs  are  formed  for  swimming.  On  the  abdomen 
there  are  short  appendages  which  convey  air  to  a  band  of 
pubescence  passing  laterally  round  the  lower  part  of  the 
abdomen. 

The  eggs  of  some  species  are  carried  on  the  back  of  the  male. 
The  eggs  of  Belostoma  indica,  one  of  the  largest  species,  are 
laid  in  clusters  on  plant-stems.  In  cases  where  they  are  known 
the  nymphs  are  said  to  more  or  less  resemble  the  adults.  Both 
nymphs  and  adults  are  predaceous,  the  big  species  of  Belostoma 
not  hesitating  to  attack,  and  suck  dry,  a  toad.  The  puncture 
made  by  the  rostrum  of  these  big  species  is  considered  to  be 
poisonous.   Some  species  are  attracted  by  light. 

NOTON-ECTIDiE. 

Head  concealed  below  pronotum.  Fore-legs  attached  to 
posterior  margin  of  prosternum.  Rostrum  free,  three-  or 
four -jointed. 

This  family,  which  is  closely  allied  to  the  Corixidce,  is  fairly 
widely  distributed. 

Notonectids  range  from  quite  small  to  moderate  sized  forms. 
They  are  not  brightly  coloured,  but  are  usually  yellowish  or 
grey.  The  body  is  convex  and  oval.  The  head  is  sunk  into 
the  thorax  ;  the  eyes  are  large.  The  rostrum  is  three-  or  four- 
jointed  and  somewhat  stout.  The  fore-legs,  though  not 
exactly  raptorial,  are  used  more  for  grasping  than  swimming. 
The  air  supply  is  retained  under  the  elytra,  and  by  an  arrange- 
ment of  hairs  on  the  body,  Notonectids  always  swim  on  their 
backs,  using  the  posterior  legs  much  in  the  fashion  of  oars. 
They  are  very  buoyant,  and  when  motionless,  have  to  cling 
to  weeds,  to  keep  themselves  from  rising  to  the  surface. 
They  occur  in  ponds  and  tanks,  and  are  probably  predaceous. 

The  eggs  are  generally  laid  in  the  tissues  of  plants ;  in  some 
forms  they  are  laid  under  leaves.  The  nymphs  of  some 
species  undergo  five  or  six  moults. 

Observations  havB  been  made  on  this  family  by  R6gimbart 
(1874),  Miall  (1895),  and  Delcourt  (1909). 

There  are  two  British  species,  one  belonging  to  the  genus 
Notonecta,  and  the  other  to  Plea. 
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CORIXIDiB. 

Head  not  concealed .  Presternum  short,  fore-legs  attached 
to  the  posterior  margin.  Rostrum  concealed,  apparently 
one -jointed. 

This  family,  the  species  of  which  are  very  like  the  Noto- 
nectids,  is  of  moderately  wide  distribution. 

Corixids  are  generally  flatter  in  form  than  the  Notonectids, 
from  which  they  may  easily  be  distinguished  in  their  habitat, 
by  the  fact  of  their  swimming  in  a  normal  manner,  and  not  on 
the  back.    They  are  usually  dark  blackish-brown  in  colour. 

The  head  is  free  and  not  covered  by  the  pronotum ;  the 
rostrum,  which  is  apparently  one-jointed,  is  generally  concealed 
by  being  retracted.  These  insects  are  much  less  buoyant  than 
the  Notonectids,  and  are  able  to  remain  under  the  surface 
without  effort :  only  coming  up  for  air.  The  air  supply  is 
taken  directly  into  the  spiracles  and  not  carried  in  reserve 
under  the  hemelytra.  They  are  found  in  much  the  same 
situations  as  the  preceding  family,  and  may  often  be  seen 
in  large  numbers  resting  on  the  mud  at  the  bottom  of  ponds. 

The  eggs  are  usually  glued  in  masses  to  submerged  objects. 
In  Mexico  the  eggs  of  two  species  are  used  as  food  by  the 
natives,  as  are  also  the  insects  themselves.  The  adults  can 
produce  a  noise  under  water  by  rubbing  the  fore-legs  against 
the  proboscis. 

Miall  (1895)  has  made  some  observations  on  this  family. 
There  are  thirty  British  species,  most  of  them  belonging  to  the 
genus  Corixa, 

Sub-Order  II.  HOMOPTERA 

Hemelytra  not  thickened  at  the  base.  Front  of  head 
touching  fore-coxae.   Tarsi,  with  three-,  two-  or  one-joint. 

In  this  sub- order  we  include  also  the  four  families  some- 
times separated  as  Phytophthires  on  account  of  their  longer 
antennae  and  more  degenerate  (parasitic)  structure.  It  is 
difficult  to  draw  any  line  between  the  nymphs  of  Membracids 
or  Cercopids  and  Psyllids. 
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CiCADIDiE. 


Ocelli  in  a  triangle  on  the  vertex.  Antennae  with  basal 
segment  and  three-jointed  bristle. 

This  family  contains  the  largest  insects  of  the  Homoptera, 
About  800  species  are  known,  the  majority  occurring  in  the 
warmer  parts  of  the  earth.  They  are  robust  insects ;  some 
with  a  wing-expanse  of  several  inches.  Colour  varies:  in 
some  forms  the  wings 
are  clear  and  shining, 
in  others  both  wings 
and  body  are  brightly 
pigmented.  In  many 
there  is  cryptic  bark 
colouring  when  at  rest 
and  bright  decep- 
tive "  colouring  when 
in  flight. 

The  head  is  broad 
and  well  developed, 
with  small  antennae, 
consisting  of  a  basal 
segment  furnished  with 
a  bristle.  The  eyes  arc 
usually  prominent ; 
three  ocelli  are  placed 
in  a  triangular  fashion 
on  the  vertex  of  the 
head.  The  thorax  is 
well  developed,  with  a 

conspicuous  mesonotum.  The  abdomen  is  broadly  joined  to 
the  thorax.  At  the  base  of  the  abdomen  in  the  male  arc 
sound-producing  organs,  with  external  flap-like  structures. 
The  wings  are  consi)icuouKly  veined,  and  sloped  at  an  angle 
over  the  abdomen.  The  legs  arc  of  more  or  less  normal 
character. 

The  earlier  stages  are  passed  underground,  the  nymphs 
living  sometimes  at  a  conKiderable  distance  from  the  surface, 
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Fi(i.  (19.— 7i(?a(l  of  Cicada.    (I)  Ventral  view. 
(II)  DomU  vi(iW. 


258  MANUAL  OF  ENTOMOLOGY 


and  feeding  on  the  roots  of  trees  and  plants.  Wlien  fully 
grown,  the  nymph  climbs  up  to  the  top  of  the  burrow  and  on 
to  a  plant,  to  which  it  clings  while  the  skin  splits  dorsally 
down  the  middle  of  the  thoracic  segments  and  the  adult  insect 
emerges.  The  eggs  in  some  cases  are  laid  in  bark,  the  nymphs 
burrowing  into  the  ground  on  hatching.  The  length  of  the 
nymphal  stage  varies,  and  in  one  notorious  instance  is  sixteen 
years,  the  adult  emerging  in  the  summer  of  the  seventeenth 
year  for  a  short  period.  The  nymphs  are  very  unlike  the 
adults,  being  colourless  and  with  weak  integument;  they 
possess  larger  antennae  and  fossorial  fore-legs.  The  pupae  are 
shorter  in  form  and  have  a  more  shell-like  integument ;  wing- 
lobes  are  visible  at  the 
sides  of  the  abdomen  ;  the 
fore-legs  are  very  power- 
ful. 

The  adults  are  most 
abundant  in  forests,  par- 
ticularly in  moist  areas. 
They  feed  on  the  sap  of 
trees.  Their  presence  is 
Fig.  70.~-Cicadid  nymph,  (x  ij.)  "lade  known  by  the  con- 
tinuous shrill  noise  made 
by  the  males,  who  produce  the  sound  for  no  apparent 
reason,  unless  it  be  to  attract  the  females.  The  sound  is 
produced  by  the  vibration  of  a  tense  membrane  in  the 
base  of  the  thorax ;  muscular  actions  vibrate  this  mem- 
brane and  the  sound  produced  is  magnified  by  other  mem- 
branes and  the  flap,  or  operculum,  covering  the  base  of 
the  abdomen. 

Cicadas  are  much  preyed  upon  by  birds,  mantids,  etc. 

The  sub-family  Gicadince  is  monographed  by  Distant  in  the 
Genera  Insectorum,  Fasc.  142  (1912),  and  the  sub-family 
Oceanince  in  Fasc.  158  (1914).  Observations  on  the  seventeen- 
year  Cicada  have  been  made  by  Riley  (1885). 

There  is  only  one  British  species,  occurring  as  a  rarity  in 
the  New  Forest. 

The  seventeen-year  Cicada  {Cicada  septemdecim)  is  a  serious 
pest  in  the  United  States. 
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FULGORIDJE. 

Two  (rarely  three)  ocelli  beneath  or  near  the  eyes. 
Antennae  of  two  joints  and  a  bristle,  inserted  below  the 
eyes. 

This  is  a  family  of  wide  distribution  and  a  large  number  of 
species,  showing  much  diversity  of  form.    Some  Fulgorids  are 
quite  small,  others  are  very  large  :  the  Lantern-flies  are  included 
in  this  family ;  they  were  so  called  because  the  front  of  the 
head,  extending  into  a  bladder-like  structure,  was  believed  to 
be  luminous.    Many  species  are  brightly  coloured,  and  moth- 
like in  form ;  others  are  quite  dull  and  inconspicuous.  With 
such    great    variety  of 
form  it  is  difficult  to  give 
any  definite  characters. 
The  head  is  distinct,  and 
often  prolonged  forwards 
and  upwards  into  curious 
shapes.     The    eyes  of 
many  species  are  large. 
Ocelli,  usually  two,  rarely 
three,   in    number,  are 
placed  in  hollows  near  or 
beneath  the  eyes.  The 
antennae  usually  consists 
of    two    joints    and  a 
bristle;  the  two  joints  are  sometimes  prolonged  and  flattened. 
The  body  as  a  whole  is  short,  but  well  developed.  Heme- 
lytra  are  present,  and  wings  also,  in  most  cases.   The  wings 
are  seldom  coloured,  but  the  hemelytra  are  often  brightly 
pigmented ;  when  at  rest  they  slope  over  the  body  at  an 
angle.   The  legs  vary  greatly ;  the  fore-legs  are  sometimes 
expanded  leaf-like,  while  the  posterior  legs  bear  tufts  of  spurs 
and  rows  of  spines.    Some  species  carry,  at  the  end  of  the 
abdomen,  tufts  or  patches  of  a  white,  waxy  secretion.  The 
female  is  provided  with  an  ovipositor. 

As  far  as  known  eggs  are  laid  in  plant-tissues,  sometimes  in 
bark,  and  are  often  covered  and  mixed  with  a  cottony,  waxy 
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(I.)  fll.) 

Pig.  71.— Head  of  Fulgorid.    (I)  Lateral 
view.    (II)  Ventral  view. 

a  —  antftiincn  benciath  the  eyes,    o  «=  ocella  beneath 
or  near  the  eyes. 
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secretion  produced  by  the  female.    The  number  of  moults  is 
usually  five.    Some  nymphs,  especially  those  of  the  above- 
named  species,  carry  long  tufts 
of  white,  waxy  material  at  the 
end  of  the  abdomen. 

All,  as  far  as  known,  are  feeders 
on  plant-sap,  and  are  found  on 
trees,  plants  and  in  grass.  Some 
species  live  in  the  soil  on  the  roots 
of  plants  and  grass.  A  few  forms 
are  somewhat  gregarious. 

There  are  many  insect  checks 
on  Fulgorids  :  these  include  ear- 
wigs, Chrysopids,  Coccinellids, 
Dryinids,  Strepsiptera,  Pipuncu- 
lids.  There  are  about  eighty 
British  Fulgorids.  Some  species 
are  of  economic  importance, 
chiefly  as  pests  of  sugar-cane ; 
they  are  included  in  the  following- 
genera  :  Delphax,  Peregrinus,  Per- 
Icinsiella  and  Pyrilla.  A  species 
of  Siphanta  attacks  mango  in  Hawaii. 


Fig.  72. — ^Nymph  of  a  Ful- 
gorid  last  instar  [  X  4) 
{Pyrilla  aberrans). 


MEMBRACIDiE. 

Thorn  insects. 

Tarsi  three -jointed.  Prothorax  produced  backwards  into 
a  process*  Ocelli  placed  between  the  eyes.  Antennae  in 
front  of  the  eyes. 

A  large  family,  occurring  chiefly  in  tropical  regions. 

Membracids  are  very  curious  insects  of  various  grotesque 
forms.  They  are  not  large,  few  being  more  than  10  mm.  in 
length.  The  colouring  is  usually  dull  brown,  which  together 
with  their  thorn-like  appearance  render  them  very  incon- 
spicuous. 

The  head  is  small  and  usually  concealed  by  the  enlarged 
prothorax.    Two  ocelli  are  placed  between  the  eyes.  The 
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prothorax  is  produced  posteriorly  and  laterally  into  a  paired 
or  single  thorn-like  structure  which  varies  greatly  in  length 
and  shape.  The  hemelytra  and  wings  are  sometimes  small; 
they  are  folded  at  an  angle  over  the  abdomen  when  at  rest. 
Veins  are  distinct.  The  legs  are  short,  but  well  developed. 
The  sexes  are  outwardly  similar.  In  one  genus,  Darihnla,  the 
abdomen  is  produced  posteriorly 
into  a  bristly  process. 

Eggs  are  laid  in  slits  made  by 
the  female  in  the  bark  of  twigs. 
Sometimes  they  are  very  neatly 
arranged.  They  are  cylindrical,  with 
rounded  ends,  and  have  a  spine-like 
process  curving  from  one  end.  The 
nymphs  are  in  many  cases  gregari- 
ous, sitting  about  in  clusters  on 
the  food-plant.  They  are  quite  un- 
like the  adults,  there  being  little 
sign  of  the  enlarged  prothorax. 

Both  nymphs  and  adults  feed  on 
the  sap  of  twigs,  but  only  of  a 
certain  number  of  plants.  In  some 
species  the  nymphs  have  an  exten- 
sile process  at  the  end  of  the  abdo- 
men which  excretes  a  sweet  fluid 
sought  by  certain  species  of  ants. 

The  group  is  essentially  tropical,  with  two  British  species : 
a  few  are  mentioned  as  pests  in  the  United  States  ;  but  generally 
the  group  is  not  economically  important. 


Fig.  73. — Head  and  pro- 
thorax of  a  Membracid. 
(I)  Front  view.  (II)  Lateral 
view. 

0  =  ocelli,   a  =  antenna. 


Cercopidjb. 

Frog-hoppers. 

Two  ocelli  on  the  vertex.  Antennae  between  the  eyes. 
Hind  tibia  with  stout  teeth  and  a  cluster  of  spines  at  apex. 

This  family  is  widely  distributed  in  both  temperate  and 
tropical  regions.  Its  members  are  small  and  usually  dull- 
coloured  insects  ;  there  are  large  tropical  species  with  warning 
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coloration.  Cercopids  are  easily  distinguished  from  the 
Membracids  by  the  simple  prothorax,  and  from  the  Jassids 
by  the  hind  tibia  being  f m-nished  with  a  cluster  of  teeth  at  the 
apex.  They  have  a  curious  wedge-shaped  appearance.  In 
the  sub-family  Machcerotince,  the  scutellum  is  produced  into 
a  spine.  Eggs  in  one  instance  are  laid  on  twigs.  The  nymphs 
of  many  species  live  concealed  in  masses  of  frothy  matter 
produced  by  themselves  from  a  mixture  of  liquid  excrement 
and  waxy  secretion.    These  white  masses  are  commonly  called 


"cuckoo-spit"  or  "frog-spit."  Other  nymphs  live  in  tubes 
formed  of  a  liquid  secretion  which  hardens.  In  other  species 
the  nymphs  lead  free  lives.  The  adults  are  very  active,  many 
being  able  to  leap  a  considerable  distance.  They  are  usually 
found  on  trees,  low  vegetation  and  grasses.  Natural  enemies 
include  egg  parasites ;  the  nymphs  and  adults  are  eaten  by 
numerous  other  insects,  as  well  as  by  toads,  birds,  and 
lizards  ;  Williams  (1921)  records  a  fungus  in  Trinidad. 

Lallemand  monographs  the  family  in  Genera  Insectorum, 
Fasc.  143  (1912).    Seven  species  occur  in  Britain. 


Fig.  74. — ^Head  and  Leg  of  a  Cercopid. 
0  =  two  ocelli,   a  =  antenna. 


Fig.  76. — Tricophora  vulnerata. 
(X  6.) 


RHYNCHOTA 


263 


Jassidjs. 


Leaf -hoppers. 

Two  ocelli  on  the  vertex, 
spines . 


Hind  tibia  with  two  rows  of 


A  large  family  of  wide  distribution. 

Jassids  are  all  small,  some  being  quite  minute.  They  are 
easily  distinguished  from  the  Cercopids  by  having  two  rows 
of  spines  on  the  hind  tibia.  In  many  cases  they  have  delicate 
integument  and  are  pale  in  colour, 
often  being  green,  yellow,  or  brown ; 
a  few  tropical  species  are  warningly 
coloured,  others  are  black.  The  body 
as  a  whole  is  narrow,  with  parallel 
sides.  The  head  is  broad,  with  small 
thread-like  antennae  and  two  ocelli 
placed  on  the  vertex  ;  the  eyes  are 
not  very  prominent.  The  wings  are 
somewhat  tightly  pressed  to  the  abdo- 
men. The  legs  are  well  developed. 
The  female  has  a  concealed  ovipositor. 

Eggs  are  laid  in  the  leaves  and  stems 
of  plants.  The  nymphs  are  active, 
running  openly  on  the  plant.  The 
life-history  is  in  some  cases  very  short, 
several  broods  being  gone  through  in 
a  year. 

Jassids  are  found  almost  everywhere :  on  trees,  plants  of 
all  kinds,  and  many  grasses.  They  are  very  active  and  have 
the  power  of  leaping. 

There  are  over  200  British  Jassids. 

Many  species  of  Jassids  are  serious  pests,  either  by  injuring 
the  foliage  of  plants  direct  or  by  transmitting  plant  diseases. 
The  more  important  species  are  contained  in  the  following 
genera  :  Chlorita  on  various  crops ;  Cicadula  attacks  cereals, 
as  does  Deltocejphalus.  Empoasca  is  injurious  to  several 
crops,  and  Eupteryx  to  potato.  Eutettix  tenella  is  the  Beet 
Leaf  Hopper.    Idiocerus  is  a  pest  of  mango.    Jassus  is 


(n.) 


Fig.  76. — A  Jassid. 
(I)  Head.    (II)  Leg. 
a  =  antenna.   o'=  ocelli. 
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found  on  various  crops.  Selenophorus  attacks  rice,  and  Tetti 
gonia  apple.    Typhlocyba  is  chiefly  injurious  to  the  vino. 


PsYLLiDJE  (Ghermidce), 
Jumping  Plant-lice. 

Smallinsects.  Tarsi  two -jointed.  Three  ocelli;  antennae 
nine-  to  ten-jointed  ;  wings,  one  or  two  pairs  in  both  sexes, 
with  veins,  and  sloped  over  the  body.  Nymph  flattened, 
partially  active  in  all  stages ;  anal  aperture  on  the  ventral 
surface,  with  glandular  pores  secreting  wax. 

These  small  insects  are  common  and  well  distributed  in 
temperate  and  in  tropical  regions,  being  found  both  on  plants 
and  in  galls  formed  by  them  on  plants  ;  the  scheme  of  coloration 
is  usually  cryptic. 

The  antennae  are  moderately  long  ;  the  head  is  well  developed 
in  the  adult,  that  of  the  nymph  much  less  so ;  the  head  is 
provided  with  a  sucking  beak  and  compound  eyes.  The 
abdomen  is  well  developed,  and  the  legs  are  formed  for  running, 
the  hind  pair  for  leaping.  The  thorax  has  one  or  two  pairs  of 
hyaline  wings,  with  usually  five  veins.  Though  the  males 
and  females  are  similar  in  general  appearance,  the  males  can 
easily  be  distinguished  by  the  fact  that  their  genitalia  are 
turned  upwards  and  curved  ;  those  of  the  females  are  straight, 
pointed,  and  concealed  between  the  upper  and  lower  segments 
of  the  abdomen.  In  addition,  the  abdomen  of  the  fertilized 
females  is  slightly  broader  than  that  of  the  males.  The 
spiracles  in  the  adult  lead  directly  to  the  main  tracheal  trunk  ; 
in  the  larva  there  are  various  protective  devices,  between  the 
external  opening  and  the  tracheal  trunk,  which  are  as  follows  : 

(i)  The  Spiracles  (three  on  the  abdomen,  and  two  on  the 
thorax)  are  each  situated  in  a  pit  which  is  covered  with  long 
hairs. 

(ii)  The  external  lid  of  the  spiracle.  This  is  formed  by  a 
thick  process  which  lies  across  the  spiracle. 

(Hi)  The  closing  apparatus.  This  consists  of  thickened 
chitin  stretching  from  one  side  of  the  tube  to  the  other.  It  is 
acted  upon  by  the  spiracular  muscles  which  are  attached  to 
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this  apparatus.  When  these  muscles  contract,  this  transverse 
bar  of  chitin  is  pulled  apart  and  the  spiracle  is  opened. 

{iv)  Atrium.  Below  the  closing  apparatus  is  a  cavity 
which  communicates  with  the  main  tracheal  trunk. 

The  simple  structure  of  the  spiracle  of  the  adult  and  the 
more  complex  structure  of  that  of  the  young  lead  one  to  infer 
that  the  adult  will  react  more  readily  to  an  insecticide,  and 
this  is  actually  the  case."    (Awati,  1915.) 

The  females  have  nine  or  ten  egg-tubes  on  either  side, 
which  communicate  with  two  oviducts,  and  open  into  them ; 
the  oviducts  themselves  join  and  open  into  the  vagina  ven- 
trally,  as  one  duct.    The  vagina  has  powerful  circular  muscles 


Fig.  77. — Indigo  Psylla  ?  ( x  20)  {Poyllopa  punctopennis). 
Hind-end  of  abdomen  of         (  X  20.) 

and  accessory  glands  :  the  latter  open  into  the  distal  portion. 
The  spermatheca  lies  below  the  vagina  and  oviducts,  and 
also  has  an  opening  into  the  distal  portion  of  the  vagina,  which 
itself  communicates  with  the  ovipositor ;  the  ovipositor  is 
formed  by  the  invagination  of  the  posterior  segments  of  the 
abdomen. 

The  eggs  are,  in  the  majority  of  cases,  laid  singly  and  un- 
evenly ;  this  is  certainly  the  case  with  Psylla  mali,  the  apple 
sucker  (Awati,  1915),  and  with  the  Indigo  Psylla  (Lefroy, 
1913).  Marlatt  states  that  in  the  case  of  Psylla  pyricola,  the 
pear-tree  Psylla,  in  Maryland,  U.S.A.,  the  eggs  are  placed 
singly,  in  rows,  or  in  bunches,  in  crevices  of  the  bark  or  twigs. 
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The  egg  of  P.  mali  is  oblong,  tapering  at  both  ends  and  sculp- 
tured ;  as  the  time  for  it  to  hatch  approaches,  it  becomes 
reddish  instead  of  pale  white.  There  is  a  long  free-hanging 
stalk  present  at  one  end  and  a  short  arm-like  sucker,  which 
fixes  the  egg  down.  The  spot  where  the  young  nymph,  or 
larva,  emerges  is  best  compared  with  the  dovetailing " 
which  is  practised  by  carpenters.  This  dovetailing,"  coupled 
with  the  egg-breaker  on  the  fore  part  of  the  head  of  the  n3n3iph, 
renders  the  emergence  from  the  egg  easy ;  it  is  further  facilitated 
by  a  number  of  dorsal  and  ventral  spines  which  serve  to  keep 


dew."  The  spine-like  threads  of  wax  are  produced  from  the 
extremity  of  the  abdomen  (Awati,  1915). 

The  food  is  cell-sap,  and  Psyllids  can  cause  most  serious 
damage  to  plants,  most  of  the  damage  being  effected  by  the 
nymphs,  which  are  gregarious ;  the  adults  themselves  cause 
but  little  real  damage  to  the  plant.  P.  mali,  in  England, 
hibernates  in  the  egg  stage.  Awati  states  that  the  duration  of 
the  first,  second,  and  third  instars  is  from  seven  to  eight  days, 
the  fourth  from  ten  to  fifteen  days,  and  the  fifth  from  twelve 
to  fourteen  days ;  this  places  the  period  from  the  egg  to  the 
perfect  insect  at  from  forty-three  to  fifty-three  days.  Egg- 


FiG.  78. — Pai/Z^amaK  Nymph  and 
its  Secretion. 
(After  Awati.) 


the  sides  of  the  egg  apart.  The 
larvae  or  nymphs  are  flattened ; 
there  are  five  instars,  the  sixth 
being  the  adult  stage  ;  the  wing- 
lobes  develop  in  the  third,  fourth 
and  fifth  instars.  The  nymphs 
produce  an  opaque  white  secre- 
tion in  the  form  of  a  thread, 
hanging  from  the  posterior  region 
of  the  abdomen ;  it  is  the  heart- 
shaped  organ  which  produces  this 
thread :  the  thread  is  of  a  waxy 
nature  and  readily  soluble  in 
alcohol.  The  thread  acts  as  a 
dnct  to  convey  away  the  trans- 
lucent liquid  excreta,  ensuring 
that  it  shall  not  wet  the  leaf  in 
too  close  proximity  to  the  nymph ; 
some  Psyllids  produce  a  ''honey 
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laying  extends  over  a  period  of  about  a  week  ;  the  females  live 
some  time  after  it  has  taken  place,  the  males  dying  before  the 
females.  P.  jpyricola  has  three  broods  in  England,  four  in 
America,  and  hibernates  as  an  adult.  Psyllids  frequent  a 
great  variety  of  plants,  many  of  them  forming  galls.  Psylla 
buxi  forms  a  small  gall,  rather  resembling  a  miniature  cabbage, 
on  the  apical  shoots  of  the  Box,  while  Psyllopsis  fraxini  cause's 
galls  on  the  leaves  of  the  common  Ash.  Psyllids  usually  seem 
to  prefer  the  under  sides  of  the  leaves  on  which  they  are  found. 
Awati  states  that  in  the  larval  condition  P.  mali  is  positively 
thigmotropic,  i.e.  it  reacts  positively  to  pressure,  and  so  tends 
to  collect  between  the  closely  packed  leaves  and  inside  buds ; 


Fig.  79. — (I)  Psylla  mali  (  X  30)  Nymph,  ventral  view,  to  show  the  heart- 
shaped  organ.    (II)  Heart-shaped  organ  more  highly  magnified. 

h  =  heart-shaped  organ,  p  —  wax  pores,   a  —  aperture  leading  to  outside. 

this,  combined  with  negative  heliotropism,  ensures  that  they 
shall  feed  on  the  tenderest  portions  of  the  plant.  At  the  fifth, 
or  last  instar,  they  become  negatively  thigmotropic,  and  live 
freely  in  the  open,  losing  the  gregarious  habit  which  they 
possessed  in  the  first  four  stages  after  hatching. 

Psyllids  have  a  number  of  enemies,  chief  among  which  are 
the  Coccinellidce,  Chrysopidoe  and  Syrphidce.  Awati  mentions 
a  predaceous  mite  which  he  states  is  the  only  enemy  of  P. 
mali  in  England,  of  any  importance.  When,  however,  Psyllids 
are  very  abundant,  spiders  and  mantids  account  for  a  con- 
siderable number. 

Psyllids  are  widespread,  as  abundant  in  the  tropics  as  in 
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the  temperate  regions.  The  fifty-seven  British  species  are 
described  in  Edwards'  British  Homoptera  (1896) ;  Crawford 
(1914)  monographed  those  of  the  New  World  ;  Witlaczil  (1885), 
Loew  (1876,  1878),  Patch  (1909),  have  written  on  the  group. 
Crawford  (1914)  makes  six  sub-families  and  gives  a  biblio- 
graphy. The  economically  important  species  include  the 
Apple  Sucker  of  Europe,  the  Pear  Suckers  of  Europe  and 
America,  Psyllopa  punctijpennis  on  indigo  in  India,  and 
Uuphyllura  olece  on  the  olive  in  South  Europe.  The  usual 
remedy  is  spraying  the  nymphs,  and  in  some  cases  winter 
washing  with  a  lime  wash  to  destroy  the  eggs. 


Aphid^. 

Plant-lice,  Greenfly. 

Small,  often  wingless  ;  tarsi  two -jointed.  Antennae  three- 
to  seven -jointed.  Abdomen  usually  with  a  pair  of  siphons. 
Wings,  when  present,  hyaline  and  with  few  veins  ;  the 
fore-wings  larger  than  the  hind -wings. 

These  insects  are  common  and  extremely  numerous,  both 
in  temperate  and  in  tropical  regions.  They  are  usually  of 
such  dull  colours  as  black,  brown,  yellow,  and  the  more  sombre 
greens.  Some  are  mealy,  whilst  others  are  more  or  less  thickly 
covered  with  waxy  threads.  In  size  they  are  rarely  longer  than 
one-tenth  of  an  inch. 

The  head  is  distinct,  the  antennae  being  long  and  straight 
and  consisting  of  from  three  to  seven  joints.  Sharp,  however, 
says  that  "  it  is  doubtful  whether  the  antennse  have  ever  really 
more  than  six  joints,  the  apparent  seventh  joint  being  actually 
a  sort  of  appendage  of  the  sixth."  The  eyes  are  more  often 
small  and  compound ;  there  is  frequently  present  a  curious 
supplementary  eye,  or  tubercle,  on  the  cornea  of  each  compound 
eye.  Each  tubercle  has  from  five  to  ten  hemispherical  lenses, 
very  similar  to  those  of  the  compound  eyes.  These  tubercles 
are  found  in  the  winged  forms  in  addition  to  ocelli.  In  some 
aphids  the  eyes  are  rudimentary  or  entirely  absent.  Ocelli 
are  never  found  in  the  nymphal  stages,  but  there  are  always 
three,  or  rarely  six,  present  in  the  males  and  in  the  winged 
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females.  The  rostrum  is,  externally,  three-jointed,  and  varies 
greatly  in  length;  the  rostrum,  haustellum,  or  proboscis,  in 
Stomaphis  is  nearly  twice  the  length  of  the  thorax  and  abdomen 
combined.  The  youngest  nymphal  stages  of  Aphids  frequently 
have  the  rostrum  as  long  as  the  abdomen  and  thorax,  those  of 
Eriosoma  having  the  rostrum  a  little  longer  than  this.  The 
rostrum  itself  can  be  retracted,  like  a  telescope,  into  the  head, 
up  to  two-thirds  of  its  length  :  this  sets  free  an  additional 
length  of  stylets,  or  setae,  for  insertion  into  the  tissues  of  the 


c 

Fia.  80. — Phorodon  Humuli  Apterous  viviparous  ? . 
c  cornicles. 


plant.  Buckton  (1878)  places  the  number  of  stylets  at  three  ; 
however,  it  has  now  been  shown  by  Grove  (1909)  and  Davidson 
(1913)  that  there  are  four  present,  representing  the  mandibles 
and  maxillae.  The  thorax  is  distinct  and  fairly  well  chitinized 
in  the  winged  forms ;  in  the  nymphs  and  wingless  forms  the 
thorax  is  not  very  evident,  the  general  outline  of  the  insect 
not  deviating  appreciably  as  one  passes  from  the  head  to  the 
initial  segments  of  the  abdomen.  In  the  abdomen,  nine 
visible  segments  are  usually  recognized,  but  this  is  a  much 


270 


MANUAL  OF  KNTOMOLOCn' 


disputed  point,  Balbiani  (18(H))  considcTing  ten  to  pn^Hvni 
in  addition  to  the  cauda.  The  cauda,  or  tail,  is  not  always 
present ;  it  is  formed  by  the  prolongation  of  th(^  last  s(*grn(*nt, 
beneath  which  Is  the  anus.  Situated  on  t  he  dorsal  surfaet*  of 
the  fifth  abdominal  segment  is  a  i)air  of  ])roeesses  known  as 
the  cornicles ;  they  are  also  ealled  nectaries,  honey-tulx's, 
siphuncles  and  siphons  by  various  aut  hors.  Th(*y  are  glandular, 
globules  of  waxy  matter  ))eing  seen^ed.  Th(»  eorniel<*s  do  not 
produce  honey-dew  as  is  frequently  stated  ;  the  hcuiey-dew  is 
an  anal  secretion  and  is  much  favoured  by  ants  as  food. 

The  sex  of  Aphids  can  ordy  be  determined  with  certainty 
by  dissection;  in  general,  when  the  abdominal  region  is  com- 
paratively small,  it  may  be  taken  as  an  indication  of  th</  male 
sex,  since  the  testes  are  much  smaller  than  the  (*gg-tubes  of  tJie 
female.  The  males  are  often  very  small,  but  are  sonu'limes 
provided  with  large  Avings  ;  ihtry  may  hv  (»ither  winged  or 
wingless,  but  are  usually  the  form(»r.  Th<»  wings  of  th(»  males 
have  a  venation  similar  to  that  of  th(*  f<*mal<*s.  1'he  males 
appear  several  days  before  the  femal(*K.  Th<'  moutli  parts  in 
the  male  are  well  developed. 

The  winged  and  wingless  viviparous  females  are  by  far  th(» 
commonest,  and  are  determined  easily  by  dissei^tion.  Kxtern- 
ally,  they  are  of  a  more  rol)Ust  appearance  tlian  the  males,  the 
abd(mien  being  much  swoll(*n.  Th<*  oviparous  females  an* 
wingless  in  the  sub-family  Aphidiva,  but  may,  or  may  not, 
possess  wings  in  the  remaining  groups.  Tliese  oviparous 
females  arc  usually  smaller  than  the*  viviparous  feujales,  and 
have  robust  bodies  and  stout  linibs  ;  th(»  tibia*  may  f>ear  |»late- 
like  expansions;  the  antenna*,  though  s(»ldom  laeking  tlie  fidl 
number  of  joints,  are  often  shorter  than  thos<*  of  t  he  viviparous 
females. 

The  internal  anatomy  has  l>een  worked  out  in  but  f<*w  ty|H*H. 
Witlaczil  worked  on  Aphis  in  1882,  and  this  was  foll(»wed,  in 
1884,  by  a  study  of  the  (h^velopment.  Trmna  was  investigated 
by  Mordwilko  in  1895,  while  Dreyfus  has  stu<Hed  the  anfit<»my 
of  Phylloxera,  Of  the  more  ri*e(*nt  nu)rphologieal  work, 
Grove  (1909)  has  worked  on  MacroHiphmu  {Siphmiophora), 
roaarum,  and  Davidson  (1913)  on  KrUmmui  (Sehiztmmm) 
lanigerum,  A  bri(*f  account  of  the  two  lat t^»r  studies  is  {X'rhaps 
the  best  method  of  conveying  an  i<lea  of  thv  internal  anatomy 
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of  Aphids.  In  Eriosoma,  wax  glands  are  present  in  transverse 
rows  near  the  posterior  borders  of  tlie  thoracic  and  first  seven 
abdominal  segments,  four  in  each  segment ;  there  are  also  two 
on  the  eighth  abdominal  segment,  and  ten  on  the  epicranial 
region  of  the  head.  Each,  externally,  consists  of  several 
polygonal  areas  surrounding  a'  facette,  beneath  which  is 
situated  a  number  of  large  gland-cells.  Each  facette  is  pro- 
vided with  a  glandular  cell  which  produces  the  waxy  secretion ; 
at  the  base  of  each  cell  lies  the  lumen  into  which  this  secretion 
is  poured  ;  it  passes  through  the  chitin  of  the  polygonal  areas 
in  the  form  of  fine  waxy  threads.  Sharp  (1918)  suggests  that 
the  wax  glands  may  replace  the  cornicles  to  some  extent. 

The  mouth  leads  into  the  pharynx,  which  is  lined  with 
thickened  chitin  on  the  posterior  and  ventral  walls,  the  anterior 
wall  being  of  flexible  chitin.  A  number  of  muscles  are  attached 
to  this  flexible  anterior  wall  and  are  capable  of  drawing  it 
outwards,  thus  enlarging  the  pharynx  considerably  and 
causing  the  cell-sap  of  the  plant  to  mount  up  the  anterior  duct 
of  the  stylets  ;  the  capillarity  of  this  duct  probably  assists  this 
operation  considerably.  The  relaxation  of  the  muscles  closes 
the  opening  to  the  pharynx.  The  sap  is  thus  prevented  from 
flowing  back  into  the  mouth  and  is  forced  into  the  oesophagus. 
The  oesophagus  is  invaginated  into  the  stomach,  forming  an 
oesophageal  valve  which  ensures  that  the  sap,  once  it  is  in  the 
stomach,  is  not  regurgitated.  The  stomach  is  formed  by  the 
enlargement  of  the  fore-part  of  the  gut,  which  latter  gradually 
narrows  posteriorly  and  becomes  the  intestine.  The  intestine, 
which  is  coiled,  leads  into  the  rectum.  Since  the  Malpighian 
tubules  do  not  occur,  the  rectum  is  thought  to  function  as  an 
excretory  organ  (Kowalevsky,  1889).  The  nervous  system 
is  concentrated  in  the  head  and  thorax,  the  supra-oesophageal 
ganglia  occupying  most  of  the  head.  The  elongated  median 
ganglian,  lying  in  the  thorax  beneath  the  oesophagus,  represents 
the  fused  elements  of  the  thoracic  ganglia.  Considering  the 
sluggish  nature  of  Aphids,  as  compared  with  other  insects,  the 
tracheal  system  is  extraordinarily  highly  developed,  there 
being  nine  pairs  of  spiracles  present.  The  first  seven  abdominal 
segments  each  have  a  pair,  and  there  is  a  pair  on  the  prothorax 
and  on  the  metathorax.  The  spiracles  all  communicate  with 
a  system  of  large  ventral  and  dorsal  tracheal  trunks.  While 
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Witlaczil  (1882)  found  a  dorsal  vcssc^I,  or  lieart,  in  Aphis,  and 
Mordwilko  the  Kainc  organ  in  Travui,  .Dreyfus,  Grove,  iind 
Davidson,  working  reK])ectively  on  IViyUoxera,  Macnmphuyft 
and  Eriosoma,  all  faik^d  to  find  it.  The  circulatory  system 
is  very  poorly  developed. 

The  reproductive  system  is  very  simpler  and  occupiers  niueh 
of  the  body  cavity.  In  the  female  it  consists  of  a  nuinbcr  of 
egg-tubes  in  which  may  l)e  found  embryos  in  various  stages  of 
development.  The  egg-tubes  l(*ad  into  two  oviducts,  w^hieh 
latter  join  to  form  a  stout-  muscular  vagina  heading  to  the 
genital  aperture.  The  embryos,  in  their  c^arlier  stag<'s  of 
development,  were  called  i)seudova.  Huxley  (1858)  has 
described  tlieir  develo]>ment  in  Aphis.  T\w  numlxT  of 
eml)ryos  found  at  one  time  in  a  fenuiU*  varies  from  twenty  to 
eighty  or  more.  Tlie  pseudo-vitellus,  winch  consists  of  mass(»s 
of  large  round  cells,  is  to  be  found  in  tlie  ])ost(Tior  half  of  th(* 
abdomen,  close  to  the  egg-tub<'S.  Witlaczil  (1884)  and  Will 
(1888)  described  its  origin  and  development,  and  its  fimcticm 
is  probably  concerned  with  tlie  imtrition  of  the  embryos, 
though  this  has  not  yet  be(*n  prop(»rly  established.  The  fat- 
body  extends  benc^ath  the  integument,  and  over  the  int(»rnal 
organs,  being  mostly  found  in  the  anterior  ])orti()n  of  the 
abdomen  and  in  the  thorax ;  it  consists  of  yellowish-l>rown 
masses  of  cells. 

The  outstanding  featun^  of  the  life-history  of  Aphids  is  their 
extraordinary  fecundity  :  tins  is  (hw,  however,  not  to  the 
number  of  young  produced  by  vavh  individual,  but  to  the  fact 
that  the  young  (!onun(^nc(^  to  ntproduce  so  soon  aftcT  birth.  The 
life-hiHtories  may  b(^  (exceedingly  comf)licated,  and  may  vary 
to  a  great  extent.  A  simple  Jif(^-eycle  runs  as  follows  :  Eggs 
are  laid  in  the  autumn  and  hatch  in  th(^  spring,  giving  rise  to 
apterous  vivif)arous  f(^maI(»H  which,  <'ight  to  tw(^nty  days  later, 
produce  young  parthenog<»netically.  I'hese  first  f(*males  an* 
known  as  fundatrices,  or  stem-motluTs,  and  they  are  freqtu^ntly 
much  hirger  than  the  ordinary  aptc^rous  vivii)arous  fermil(»s. 
Generations  continue  to  be  i)roduced  parthenogenetically  for 
some  time,  and  may  include  amongst  them  a  grc^ater  or  less 
number  of  winged  individuals,  with  perhaps  a  few  male^. 
Finally  a  sexual  generation  is  produced,  which  lays  fc^rtilixed 
eggs.    This  cycle  may  be  complicated  by  migrations  from  one 
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foocl-plant  to  another  and  back  again ;  or  from  root  to  aerial 
portion  of  the  plant  and  back  again  ;  or  by  a  combination  of 
tht^se  two.  It  in  infxi)ortant  that  thin  nhonld  be  recognized 
when  dealing  with  Aphids— from  the  economic  ntandpoint. 
Aphids  may  be  parthenogcnctic  or  sexual,  and  either  of  these 
may  be  oviparoiiH  or  viviparouB,  winged  or  wingleas  ;  in  addition 
Hucoc^KHivc  generiitions  may  dilTer  greatly  in  their  habitw,  or  the 
individualn  of  the  same  generation  may  so  differ ;  when  th(^ 
individuals  wliich  difler  are  of  the  same  generation,  they 
eonstitute  what  is  known  as  a  parallel  HoricH. 

Tlic^  factor  which  infhu^nces  iho  i)r()ducti()n  of  winged  or 
wingless  forms  was,  until  quite  ix^cc^ntly,  uncertain ;  the 
(constitution  of  tin*,  cell-sap  of  the  plant,  combined  with  the 
teniperatun^  was  considered  to  be  th(^  chief  influence.  Davidson 
(102 J),  howevc^r,  conducted  a  series  of  breeding  c^xperinn^nts, 


Fui.  HI,    \ViiigH  of  Mamtsipluitn  H\K 


which  show(»d,  wlu^n  t  hey  w(*r<»  taken  into  (consideration  with 
eytc»l<»gi<*al  investigations,  that  it  is  prohabh^  that  th<'  secpu^nee 
of  wingod  and  wingless  forms  is  largely  a(cc()urit.e(l  for  by  s(mu* 

hitiTual  inlieront  ien<lerK*y."  Win^(*d  viviparous  fcsnuiles 
have  a  strong  tendenoy  to  [)r<Hlue<*  upt(»rous  viviparous femal(*H, 
whilst  a}>tc*rouH  viviparons  frniales  are  v<»ry  liabh^  to  giv(^  riset 
«»itlier  to  apt<T0UH  viviparous  fenialrs  or  a  mixed  progeny, 
inelu<Uug  a  varying  |H*reentug(»  of  winged  forms. 

Where  the  fiunl  is  s<'as<mahl<'  and  t  he  temperatun^  conditions 
are  favourable,  the  ai>t(»rouH  condition  may  In*  d(»emed  to  b(» 
thi'  fonn  which  in  most  adaptable.  The*  great  variability  in 
the  numbcT  <»f  th<^  vving<»(l  forms.  produ<'(*<l  hy  apt(*rous 
indivichials,  .should  not  fn*  lost  sight  of  in  considering  this 
tpieHtion,    ViHxl  nml  temperature  arc  also  responsible  for  the 
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sexual  forms  ;  later  cytological  work  showing  it  to  Ix*  asstK-iated, 
in  addition,  with  changes  in  the  chroniosonK*  eoni]>h*x.  Agamic 
generations  appear  to  ho  interj)olated  }>(/tw<»en  the  winter  (»gg 
and  the  sexual  generations  as  an  adaptation  to  seasonal»l(* 
conditions ;  sexual  generations  may,  in  e(*rtain  ensen,  he 
followed  by  continued  parth(*nog(*n<»t i<*  repro(ha't ion.  t lu'se 
forms  lying  dormant  through  the  wintcT,  or  only  n^produeing 
very  slowly;  the  next  season  th(»  ra]>id  n*}>r(Kiuetion  is  con- 
tinued. Clarke  (1901)  grew  rose-eutthigs  in  sand  satnrat(*d 
with  magnesium  salts  and  infected  them  with  the  common 
rose  Aphis.  He  found  that  a  higher  proportion  of  wingc^fl 
forms  was  produced  than  was  usual.  This  has  he<'n  r(*fi<*ate<l 
successfully  by  Neiills  (I0I2),  and  hy  Shinji  (HUH),  (iregory 
(1917)  found  that  the  j)r()portion  of  wingc^d  forms  could  \h' 
raised  by  starving  the  parent  during  its  development.  Haviland 
(1921)  has  experimented  furth(-r  on  these  lines.  According  to 
Buckton  (1870),  the  number  of  broods  in  a  year  is  vctv  variable. 
Some  sj)ecies  are  thought  to  have  only  one,  whilst  in  others  the 
numl)er  approaches  eighty  or  ninety. 

Aphids  are  universally  plant-feed<*rs,  on  sap,  anrl  tlje  nuijority 
of  cultivated  plants  are  subject  to  attac-k  l>y  (me  hp<»cies  or 
another;  the  economic  importance*  of  this  group,  then^fore,  is 
very  great.  Home  sp(*ci<^H  form  galls  either  on  the*  stems,  roots, 
knaves,  or  f)etioles  ;  in  some  eases  the  Aphi<ls  livr  externally, 
whilst  in  others  tlu^y  an*  to  he  foiuid  inside  the  gulls  which  tliey 
themselves  hav(^  causc^l  the  plant  to  create  for  them.  Aphids 
greatly  k)wer  the  vitality  of  th(*ir  host  as  tliey  nuck  out  of  it  a 
large  quantity  of  sap  :  in  addition,  fungal  and  bacterial  dihoaHcs 
often  set  in  secondarily.  This  secrondary  attack  is  of  cf>mm<Hi 
occurrence  where  sucking  ins<»(^ts  an*  concern(»d  with  the  origituil 
damage.  These  fungi  or  bacl(*ria  are  probat)Iy  cntlur  inji'cted 
into  the  plant  through  the  stylets  of  th<*  insect  or  gain  ndniit- 
tance  through  the  woimds  i)roduced  by  the  stylets.  In  addition, 
the  attack  of  some  si>ecieH  is  foIlow(?d  by  gall  f{>r«)ati(»n  of  a 
serious  kind  ;  this  is  particularly  notable  in  the  woolly  Apliis 
of  the  appk^  {KrioHcmm  lanigtra)  and  in  H{H?(*ii»H  (^f  Pf  mphigm, 

Checks  are  (^halcids  and  oth<T  parasiti^s,  Coc»cinellids, 
Syrphids,  Chrysopids,  Hemerobii<ls ;  birds  ent  Aphids,  and 
some  Fossorial  Hymeno{>terH  lay  them  up  for  thc*ir  larva*. 
A  CJecidomyiid  feeds  upon  them  (Davis,  U)l«)- 
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The  group  is  an  immense  one  in  temperate  regions  and  less 
so  in  the  tropics.  Many  species  are  now  nearly  cosmopolitan, 
and  there  is  great  confusion  in  nomenclature .  Buckton's  mono- 
graph (1876-1878)  dealt  mainly  with  British  species  ;  Theobald, 
Pergande,  Schouteden,  Baker,  Van  der  Goot  and  Mordwilko 
have  described  or  written  up  the  species  ;  there  is  a  very  large 
economic  literature,  and  we  sorely  need  good  monographs  and 
a  revised  classification  and  nomenclature. 

Baker  (1920)  has  published  a  generic  classification  of  part 
of  the  family  :  he  distinguishes  the  two  sub-families,  which  he 
calls  families,  Aphidince  and  Phylloxerince.  The  former  have 
only  sexual  oviparous  forms,  and  the  stigma  is  formed  by  the 
radius :  the  latter  has  summer  parthenogenetic  oviparous 
forms,  and  the  stigma  is  found  by  the  radial  sector.  He  sub- 
divides the  Aphidince  as  follows  (all  his  characters  are  not 
given  here). 

Eriosomatince.  Sexual  forms  without  functional  mouth- 
parts,  one  egg  laid,  cornicles  reduced  or  absent,  wax  glands 
abundantly  developed. 

Mindarince,  Sexual  forms  with  functioning  mouth-parts, 
oviparous  female  laying  several  eggs.    Sexes  small. 

Hormaphidince.  Usually  gall  makers.  Nymph  often 
Aleurodiform. 

Aphidince.    The  normal  greenfly  or  free-living  Aphids. 

The  Aphidin(E  include  Lachmis,  the  subterranean  Trama, 
Phyllaphis  on  beech,  the  solitary-living  Callaphis,  and  the 
common  "  Greenfly  "  on  crops  such  as  Aphis,  Rhopalosiphiim, 
Macrosiphum. 

Mindarince  include  only  one  genus  on  conifers. 

Eriosomatince  are  the  gall-makers,  and  include  the  sub- 
terranean Forda,  which  lives  in  ants'  nests. 

Hormaphidince  are  notable  chiefly  for  Cerataphis,  in  which 
the  nymph  is  flat,  limbless,  black  with  a  white  waxy  fringe, 
making  it  very  like  an  Aleurodid  nymph.  The  student 
should  consult  Baker's  work  for  further  details  of  classifica- 
tion. 

There  are  many  economic  species  ;  these  include  :  (a)  species 
living  above  ground,  with  a  food-plant  cycle  ;  (6)  root  species  ; 
(c)  gall-forming,  root  and  above-ground  forms,  such  as 
Eriosoma  and  Phylloxera  ;  (d)  conifer-feeding  forms,  such  as 
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Chermes,  which  have  a  complicated  cycle  of  sex  forms,  migraiits 
and  food-plants. 

The  greatest  vine  pest  was  Phylloxera  vaMalrix,  an  American 
.species  introduced  to  Eurojx^ ;  the  grc^atest  a])ple  i)eHt  is 
Jilriosom^a  lanujem,  introduccnl  to  Englarul  al)out  1781),  an<l 
probably  itself  indigeno\is  to  Am(Tica.  ()th(Ts  kxxv.  major 
pests  on  wheat,  cotton,  hops,  nmstard,  i)him,  ini^lon,  etc.  Th<»ir 
control  depends  upcm  a  study  of  food  plants,  natural  enemies 
and  climatic  influences  ;  and  while  spraying  is  largely  done,  on 
hops  for  instance,  it  is  a  wasteful  and  unsatisfactory  method. 

Al.EUKODID.'K. 

White  fly,  Mealy  wings. 

Two  pairs  of  wings,  sloped  over  the  abdomen  ;  the  wings 
and  body  covered  with  mealy  wax  ;  the  nymph  flat,  scale-like 
after  the  first  moult,  usually  with  a  waxy  fringe.  The 
rectum  opens  on  a  dorsal  process,  which  lies  under  a  plate, 
in  the  vasiform  orifice. 

Mealy  wings  are,  in  the  adult  stage,  small,  white,  or  black 
and  white,  moth-like  insects,  found  on  plants.  (\)lour  probably 
has  no  significance.  Th(»  whiter  waxy  covering  is  formed  of 
short  curled  waxy  filamc^nts,  secr(»ted  from  unicellular  glands 
and  spread  over  the  body,  l(*gs  and  wings,  ])robabIy  as  a  pro- 
tection. 

The  adult  has  a  distinct  IhmuI,  with  s<»ven-jointed  antenna*, 
compovmd  eyes,  and  two  (xu^lli ;  th(*  mouth-j)arts  are  much  as 
in  Aphids,  with  long  styk^ts  and  a  short  labium,  the  stvI<»tH 
not  actuatcid  from  the  lioad,  but  by  thc^  la)>ium.  Hpirael<*s  an* 
situated  on  the  mesothorax  and  on  abdominal  oik*  and  Hev<»n. 
At  the  dorsal  ap<ix  of  the  abdomen  is  a  semicircular  orifi<»(\ 
partly  covered  by  a  plat(^,  under  which  lies  a  process  carrying  th<* 
anal  opening.  There  arc  glandular  areas  on  the  ventral  surface* 
of  abdominal  segments  two  and  three,  secreting  the  waxy 
filaments.  The  pseudovitellus  is  visible  inside  the  abdomen 
about  the  second  and  third  sc^gnients. 

The  male  has  claspers,  the  female  a  short  ovipositor.  As  a 
rule  both  sexes  are  present,  but  Aleunxleji  raporariorum  is 
frequently  parthenogenetic. 
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The  life-history  is  known  in  several  species :  eggs  are 
laid  usually  on  the  leaf,  often  in  circles,  each  egg  with  an 
anchor  process  embedded  in  the  cuticle.  The  first  nymph 
is  active,  walks  about  and  finally  settles  down :  its  stylets 
reach  the  phloem  of  a  vascular  bundle.  Moults  occur,  the 
insect  emerging  from  the  anterior  end,  and  settling  down 
again  ;  the  legs  and  antcnnnc  degenerate.  The  anal  orifice  is  on 
a  process  similar  to  that  of  the  adult,  which  enables  the  liquid 
(excreta  to  ho  flicked  away  from  the  body.   The  fourth  instar 


Fi<i.         Antrr(H:hit(jn  {Alcuro(kM)  vaj)<)rarU)rum  ^4  (x  about  30). 

in  a  j>upal  one,  from  which  tlu^  adult  emerges.  A  feature  of  all 
iristars  aft(T  th(5  first  is  the  waxy  covering,  spines  and  margin : 
thc^  last  is  very  noticeable,  and  in  conjunction  with  the  plate  on 
tlie  dorsal  anal  orific(5,  readily  (enables  these  nymphs  to  be 
distinguisluKl  from  PsyllidH  and  (vV)ccids  (see  also  Cerataphis, 
under  Aphids). 

The  length  of  the  life-history  varies  with  temperature  and 
humidity  :  in  tlie  grec^nhouse  speci(*K,  it  occupies  np  to  100  days 
from  egg  to  adult  (  Hargreaves,  1915)  ;  in  Louisiana  it  occupies 
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from  forty  to  fifty  days  in  summer  to  nix  months  in  wint(*r 
(Rosenfeld,  1907). 

Food-plants  may  be  very  varied  as  in  the  (  jrec^nhonHe  Whit(^ 
Fly,  or  limited  as  in  the  eane  and  orange  speeit^s. 

Hibernation  pr()])ably  takes  place  mainly  in  tlu*  adult  stag(^ 
Natural  enemies  include  Chalcid  i)arasites,  C()ccin(*IIid  be(*tleH, 


83. — lAirva  of  AMt'wrhit4)n  (Alvurotlvn)  miHtniriarunt,,  wimhuI 
inHtiir.    (  X  120,  npprox.)    V<'U<nil  Kf  ructurf»H  Mhown  iUiiUni. 
K  s--  Kyc.  A  ~>  Antcnim.   T  -  1)1*  \mn'.    V<>  -  V»n{tmm  orlll***. 

(AdftptfU  itinxi  Hargrravra.) 


Syrphids,  Ohrysopids,  H(^merol)iids.  Much  has  be<»n  written! 
about  fungi,  such  as  Asrherwrna,  MpfurrofitillHU  etc.  (B(*rg(»r, 
1909),  but  it  is  not  certain  that  these  are  primary  checks  on 
the  living  nymi)hs. 

The  greater  number  of  species  are  tropical.  Four  HiK»cieH  arc^ 
common  in  Britain:  the  two  Brazilian  nimnvn,  AleurodeM 
{Asterochiton)  vaporariormn,  the  greenhouse  specieH,  luul 
Akurodea  filicium,  on  ferns,  and  AlewodeH  hmmic(t%  and  A. 
proletella,  the  garden  species  found  on  crucifers.  OthcT  si>ecie8 
occur  on  wild  and  cultivated  plants.  Kirkaldy's  Catalogue 
(1907)  lists  136  species  of  the  world,  including  thirtem  British. 
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Quaintance  has  revised  the  generic  nomenclature  (1913, 
1914)  and  classification,  and  has  further  dealt  with  the  group 
in  Gen,  Ins.  Fasc.  87  (1908). 

The  family  have  some  economic  importance.  The  Greenhouse 
White  Fly  {A.  vaporariornm)  is  a  very  serious  pest  to  tomato 
and  cucumber  under  glass ;  several  are  pests  to  dims  in  the 
United  States ;  others  attack  sugar-cane  in  the  East,  tobacco, 

\ 


L 


Fig.  84. — Dorsal  view  of  vasiform  orifice  of  larva  of  AUerochiton  {Aleurodes) 
vaporariorum.    (X  300,  approx.) 
L  =  Lingula.   0  =  Operculum, 
i.  (With  slight  alterations,  after  Hargreaves.) 

crucifers,  coco-nut,  and  other  palms.  Fumigation  with 
hydrocyanic  acid,  spraying,  the  use  of  natural  enemies,  are  the 
chief  methods  used  against  them. 


CocciDiE. 
Scale  insects  and  Mealy  bugs. 

Tarsus  one -jointed  with  one  claw,  female  wingless,  male 
with  one  pair  of  wings  and  a  metathoracic  hooked  process 
engaging  with  the  wing. 

The  insects  of  this  family  are  easily  recognized  in  the  field, 
the  male  by  the  single  pair  of  wings,  the  double  compound  eye, 
the  absence  of  mouth-parts,  and  in  some  the  long  external 
penis.   They  are  often  extremely  small,  the  body  powdered 
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with  wax  and  usually  coloured  red  or  yellow.  The  females 
are  recognizable  either  by  their  fixed  habit  upon  the  plant, 
with  the  legs  and  antennae  reduced  or  absent,  or  by  their 
comparatively  long  antennae,  covering  of  wax  and  very  varied 
form  of  ovisac  ;  most  are  covered  with  wax  in  a  great  variety 
of  form,  whilst  in  one  sub-family  [Diasjpince)  the  flat  insect 
is  covered  with  part  of  two  previous  moults,  added  to  by  a 


Fig.  85. — Orthezia  cata^hracta.    (X  9.) 


felted  waxy  covering  forming  the  "scale."  The  colour  is 
varied  and  has  probably  no  significance. 

The  structure  of  male  and  female  is  so  different  that  they 
need  to  be  separately  considered.  The  male  has,  in  addition 
to  the  points  already  mentioned,  long  antennae  of  ten  or  more 
joints,  a  distinct  round  head  with  often  a  second  pair  of 
eyes  on  the  lower  surface,  no  mouth-parts.  The  thorax 
is  distinct,  well  developed,  and  bears  a  pair  of  functional 
wings.  The  hooked  process  of  the  metathorax,  which  engages 
with  the  hind  edge  of  the  wing,  may  be  the  metathoracic 
wing.    The  abdomen  is  long,  with  distinct  segmentation, 
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usually  with  a  long  penis,  and  often  with  a  pair  of  long  waxy 
processes  projecting  backwards. 

The  adult  female  has  antennae  varying  from  fully  developed 
functional  ones  (with  six  to  ten  joints)  to  very  reduced  or 
completely  reduced  non-functional  ones.  The  head,  thorax 
and  abdomen  usually  form  a  single  mass.  The  legs  may  be 
long  and  functional,  or  very  reduced.  The  mouth-parts  are 
essentially  of  the  Rhyn- 
chotous  type,  but  the 
stylet  formed  by  maxillae 
and  mandibles  is  usually 
situated  in  a  ventral  sac, 
is  extremely  long,  and  it 
is  held  by  the  separate 
labium,  which  has  a  mus- 
cular apparatus  which 
forces  the  stylet  into  the 
plant.  The  labium  is 
short,  and  the  style  is  not 
forced  into  the  plant  by 
muscles  in  the  head  as  in 
Heteroptera,  The  females 
commonly  have  two  pairs 
of  thoracic  spiracles,  but 
in  some  large  forms 
(Monophlebus)  there  are 
also  a  number  of  abdo- 
minal pairs.  A  feature  of 
the  female  Coccids  is  the 
variety  of  anal  armature  : 
in  Lecanium  and  its  allies 
there  are  two  triangular 
flaps ;  in  Dactylopius  an 

anal  ring  of  setae  ;  in  the  Diaspince,  the  whole  pygidium 
bears  groups  of  unicellular  glands,  which  secrete  threads 
which  are  felted  into  a  scale  by  the  aid  of  a  complex 
series  of  hairs  and  spines  situated  on  the  posterior  margin. 
These  complications  of  glands  and  spines  are  almost  the  sole 
method  of  specific  identification  in  this  sub-family.  Inter- 
esting points  in  the  internal  anatomy  are  the  ahmentary 


"Fig.  86. — LepidoaapJies  pomorum. 
1.  $  scale  (X  10).    2.  Adult  ?  (X  30). 
3.  Larva  (x  60). 
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Fig.  87. — Paeudococcus  citri  <J. 
(After  Khynhardt,  with  alterations.) 

canal  of  some  forms,  in  which  the  rectum  is  coiled  round  the 

mid-gut  without  direct 
connection,  and  the 
ovary,  formed  of  a  large 
sac  bearing  many  small 
egg-tubes  irregularly  ar- 
ranged. 

The  lif e-h istory  is 
known  in  many  cases. 
Usually  eggs  are  laid, 
either  in  an  ovisac  formed 
of  cottony  wax,  or  under 
the  scale  on  the  body. 
In  some  the  eggs  hatch 
internally,  or  immediately 
on  laying.  There  emerges 
a  flat  oval  insect,  with 
legs  and  antennae,  which 
walks  about.  It  eventu- 
ally settles  down,  inserts 
its  stylet  and  feeds  on  the 
hquid  it  obtains  from  the  plant.    In  some  species,  sex  is 


Fig.  88. — ^Diagram  of  mouth -parts  of 
Pseudococcus  citri  ?  .    ( x  150,  approx.) 
(After  Rhynhardt.) 
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distinguishable  in  this  stage  (Green).  As  a  general  rule  there 
is  then  a  divergence  of  appearance.  The  male  moults  twice, 
and  appears  as  a  prepupa,  with  wing-lobes :  it  then  moults 
again,  appearing  with  larger  wing-lobes.  The  fourth  is  the 
final  moult,  and  the  two  instars  before  the  imago  are  im- 
mobile and  without  func- 
tional mouth-parts.  The 
female  moults  twice  after 
the  first  moult,  retaining  the 
habit  of  feeding,  but  suffer- 
ing often  a  large  degree  of 
degeneration  in  legs,  an- 
tennae and  eyes  ;  but  some 
species  retain  the  legs, 
antennae  and  eyes  (simple). 

There  is  often  a  marked 
difference  in  the  number  of 
each  sex,  and  in  some 
species  perpetual  or  partial 
parthenogenesis  is  the  rule. 
Newstead  records  males  of 
Mytilaspis  pomorum  only 
from  certain  food-plants, 
and  parthenogenetic  females 
only  from  others.  In  Tac- 
hardia  there  appear  to  be 
two  forms  of  males,  winged 
and  wingless,  but  this  re- 
quires investigation.  The 
same  occurs  in  Chionaspis 
solids  in  Britain  (New- 
stead). 

The  number  of  broods  a 
year  varies  from  one  to  as 
many  as  five  or  six,  depend- 
ing upon  food  and  climatic  conditions.  Hibernation  takes 
place  as  eggs,  first  instar  nymphs  or  females.  In  India 
Monophlebus  aestivates  as  an  egg,  appearing  only  in  the  cold 
season. 

The  food  is  entirely  derived  by  suction  from  plants,  and  it 


Fig.  89. — Stylets  oi Lepidosaphes  beckii 
in  rind  of  orange.  A.  Transverse 
sections  of  portions  of  rind  of  orange, 
with  stylets  in  situ.  Three  sections 
reduced  to  one  plane  (  x  90).  Num- 
bers to  portions  of  stylets,  etc., 
indicate  sections  in  which  they 
occur.  B.  Outline  of  the  Coccid 
(Lepidosaphes  beckii)  on  the  same 
scale.  Traced  with  camera  lucida 
from  an  adult  female. 


{fd 


8  =  stylets.      vb  —  vascular 
8ci  =. sphere  crystal. 
(Drawn  from  sections  by  L.  N.  Staniland.) 


oil  gland, 
bundle. 
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has  been  shown  that  the:  styl(4  reach(\s  tissui^s  coniparativi'ly 
far  from  the  outsider 

As  a  result  of  infestation,  galls  are  formed  hi  some  caj^eH, 
or  malformations  of  shoots,  and  on(*  suh  famih'  liv(*  iumlv 
galls  {Brachymdinai).  Most  liv(»  oi)enIy  on  foliage  or  hark, 
some  on  roots  in  the  soil  ;  some  are  Iinut<»<l  to  a  f(*\v  f<io(i- 
plants,  others  have  a  wider  rang<^ 

A  sequel  to  the  attacks  of  (\)eeidK  upon  plants  is  the 
deposition,  on  the  vii)per  surface  of  th<»  leaves,  of  th<*  sugary 


fr. 


Fid.  90.— -iStylctH  of  Lt'pitlomtpht  H  hrhtt  in  riii»l  *»f  <»niiiK<', 
Knlargf»mont  of  |K>r(If>n  of  Fi^.  HO  rtiiirk***!  K»j?.  II  { .  Iho}, 

ir  *-3  jwiUvary  traH  In  IriN'rrrjjiiIaf 
{HtvAUm  hy  U.  S.  MatiUftUjM 

liquid  excreta,  in  which  flourish  mouldn,  which  form  a  black 
covering  over  the  leaf,  and  whi<*h  vuin  off  light  mul  IvmlH  to 
weakness  of  th(^,  plant.  This  is  oftt»n  a  cutise  of  fluniage  in  iht* 
tropics. 

The  checks  on  thin  group  are  aiuriy,  Ct^einelUdH  mid 
Hymeropterous  parasites  comprise  the  great  number.  ChryHo- 
pids,  some  Acalyi)trateK,  a  Lyca»nid,  some  KmjtuidH  nml 
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Tineids  also  feed  upon  them.  Some  birds  feed  upon  them, 
fungi  have  been  used  to  destroy  them,  and  there  is  probably 
a  definite  correlation  between  the  vigour  of  the  host-plant 
and  the  degree  of  infestation  by  the  Coccid,  the  vigorous  plant 
escaping  attack  to  some  extent.  The  family  is  a  very  large 
one,  well  distributed  over  the  world.    The  literature  is  immense. 


in. 

Fig.  91. — Fygidium  oi  Lepidsosaphe,*}  pomorum.    (I)  Pygidium  of  adult  ? 
(X  160).    (II)  Margin  of  same  pygidium  ( X  400). 
(After  Newstead—somewhat  simplified.) 

The  classical  authorities  are :  R.  W.  Newstead  (British 
Coccidse,  etc.),  T.  D.  A.  Cockerell  (tropical  Coccids),  E.  E. 
Green  (Coccidae  of  Ceylon,  etc.),  the  late  Mr.  Maskell  (New 
Zealand)  and  Mr.  Douglas  (England).  A  catalogue  of  the 
family  was  prepared  by  Mrs.  Fernald  (1903)  and  supplements 
have  been  issued  by  the  United  States  Federal  Bureau  from 
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time  to  time.  8ignoret  wrote^  a  sc^ries  of  pa])ers  ]>ri()r  to  ihv 
above  authors,  and  thcro  is  an  enorinous  lit(Tatiire  relating 
to  species  identilieaticm  and  to  their  economic;  inip<)rtaiie(». 
Newstead  enumerates  eighty-eight  spt^eies  in  (ireat  Britain, 
of  which  forty  are  indigenous,  forty-eight  introduced,  of  whieli 
forty-six  are  found  under  glass.  Of  the  forty  indigenous, 
eleven  are  of  some  economic  imJ)ortane(^  A  nundxT  of 
Britisli  sj)ecies  have  lu^en  sinc<»  (h'S(»ribe<l.  I'lie  total  known 
s])(^ci(\s  are  prol)ahly  over  2,<)(M>. 

The  economic  importance  of  this  family  is  (^qual  to  all  otluT 
Jihynchoia  together.  Sucli  s])eeies  as  tlu*  Han  rh)se  Seah%  tlK* 
Peach  ^Scale,  the  Kiuted  »Seal(%  tlu^  various  seakvs  on  (^itrus, 
Pahns,  OofTe(^,  have  ])vvn  of  almost  worid-wich*  iniportan<*e. 
Tl\e  immense  spraying  industry  of  America  was  built  up  as 
a  result  of  tJie  San  »Iose  Scal<».  Ooffee  in  Oeylon  was  de^stroyed 
l>y  Green  liug  (Lvcaniwm)  and  colft^e-h^af  dis(»as(%  an<l  th(»re 
are  species  threatening  praeiieally  ev(Ty  pcTmanent  tree  eroj), 
such  as  fruit,  rubber,  tea,  (^ofTee,  cacao,  jmlms,  vines,  mnlberry. 
These  species  liave  Ix^'n  carried  over  \\w  world  on  plants.  It 
is  practically  im[)ossible  to  (h^tect  first  instar  nymphs  by 
inspection,  an<l  only  fumigation  will  really  el(*ar  infested 
I)lants, 

The  Coccids  inelud(»  threc^  grou{)s  whose*  products  art*  useful 
to  man.  Tlu^  most  important  is  lac,  th<»  r(»sin-wax  enudsion 
which  covers  th(*  bodies  of  tlie  female  lae  insect.  The 
total  valu(*  of  la(;  used  in  tlie  world  anuauits  to  sevoral 
niillicm  pounds.  Formerly  la(;  was  grown  collected  f<»r 
the  dy(^:  now  tlui  dye  is  uH{»Iess,  and  the  n'sin  is  used  in 
industry. 

The  Cochineal  insect  is  also  cultivated,  mainly  as  a  <lye  f(>r 
tiHO  in  food,  hut  also  as  a  vtry  fast  bright  dye  for  silk.  It 
grows  upon  a  prickly  pear  (Opuniia).  and  its  eultun*  is 
diminish  nig. 

Chinese  wliite  wax  was  derived  from  (Woplaste/^  nriJiruH, 
being  the  thick  soft  covering  of  this  seak* :  it  is  no  loiig<T  an 
important  articles  of  (joinm(»rc<*. 

The  student  will  find  gnuit  diflfieidty  in  following  th(^ 
literatun^  owing  to  the  p(*riodical  shifting  of  gc*n<Ti<!  names. 
As  generic  names  cliange  swiftly  at  th(*  whim  of  (*ac'h  new 
author,  th(^  stuckuit  will  be  w<»ll  advis<*(I  to  hK)k  nut  for 
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specific  names,  and  especially  for  popular  names  in  English 
words. 

The  following  snb-families  are  those  of  Fernald's  Catalogue 
and  supplements  : 

Monophlebince,  Monophlebv,s  includes  the  species  with 
very  large  females  and  males.  Llaveia  (formerly  Coccns), 
Drosicha,  Monophlebulus,  Guerinia,  Palceococcus,  Walkeriana, 
also  occur.  Icerya  includes  the  notorious  Fluted  Scale,  now 
widely  spread.  The  Cochineal  insects  come  under  the  old 
genus  Coccus. 

Margarodince,  Margarodes  formicarum  in  the  West  Indies 
forms  a  pearly  covering  in  the  soil. 

Ortheziince.  Orthezia  insignis  is  widespread ;  the  active 
female  bears  a  long  erect  ovisac.  PhmacoleachiincB  includes 
New  Zealand  species. 

Conchaspince.    Conchaspis  is  the  known  genus. 

Dactylopiince.  Aster olecanium,  Cerococcus,  Pollinia,  Kermes, 
Oossyparia,  Eriococcus,  Dactylopius  (Pseudococcus),  Ripersia, 
are  the  important  genera,  the  common  Mealy-bugs  being 
species  of  the  genus  now  known  as  Pseudococcus. 

Tachardiince.  Tachardia  includes  the  insects  providing  the 
lac  (shellac,  etc.)  of  commerce.  The  commercial  product  is 
limited  to  India,  Burma,  Siam,  and  Tonkin.  There  is  a  small 
literature  on  lac  in  India. 

Coccince.  Pulvinaria  psidii  and  P.  vitis  are  important 
economically,  as  also  Ceroplastes.  Coccus,  formerly  Lecanium, 
includes  many  species  destructive  in  the  tropics,  notably 
C.  viride  on  coffee ;  so  also  Eulecanium  and  Saissetia. 

Diaspince.  Shield  Scales  or  Armoured  Scales.  In  these  the 
insects  are  concealed  under  a  scale  formed  of  part  of  the 
first  or  first  two  moults  with  added  felted  material.  The 
important  genera  are  Chionaspis,  Diaspis,  Aulacaspis,  Fio- 
rinia,  Aspidiotus,  Chrysomphalus,  Lepidosaphes  (Mytilaspis), 
Parlatoria. 

A  separate  sub-family  has  been  formed  for  the  Australian 
Brachyscelince,  placed  in  Fernald  as  Apiomorpha,  etc.,  in 
Dactylopiince.    These  are  gall-inhabiting  species  of  Australia. 

The  economic  student  will  be  well  advised  to  be  able  to 
identify  his  species  from  whatever  local  monograph  or  list 
there  is.   The  mounting  instructions  of  Green  (Ann.  App, 
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Biol.  I,  1914)  are  valuable  ;  cIucb  to  poBsil)le  geiKTa  in  (ireen's 
List  of  Food-plants  appearing  in  the  above*  j)ublicati<)n  from 
1917  may  be  of  help  in  saving  time. 

The  treatment  of  Coccids  as  pcHtw  depeiulK  u})(>ii  a  Htudy 
of  food-plants,  a  study  of  natural  enemicB,  clircct  attack  by 
spraying  or  fumigating.  The  elimination  of  wild  food-plants 
and  the  intelligent  use  of  checks  imported  from  tin*  iiuligcnoiin 
area,  or  from  other  infested  areas,  are  probably  tlu*  met  hods 
of  the  future. 


Plat 
1. 

4. 


K  II. 


Whatos  by  C.  L.  Witfiyconibc. 
Mecoi'tkha,  Mkcjaloptera  and  Irnosi:. 


Panorpu  ammunis  inuijjo  V  (x  2).  J*;inorj)i(Iie. 

->■>  „        larva  ( x  2).  „ 

Jlorcun  hffcmaUH  iina«()  V  (  x  4).  Horoida.'. 

„      larvsi  ( X  4).  „ 
llUtucuH  fipHlanuK  (  x  2).  Hittacida'. 
Sialt'a  lutaria  iuKiKO  {  x  2).  Sialidu'. 
larva  ( x  lA). 

Raphidia  macidlcoUh  iiuaKO  9  (  x  2).  Kapliidiidir. 
J{.  notata  larva  (x  2).  Haphidikla'. 
Ithorw  Ji/mi  larva  (  x  2).  Ithouida*. 


[To  Jace  p.  2S8. 


MEGALOPTERA  (Perlaria) 


Alder-flies  and  Snake-flies. 

Wings  net -veined,  equal  or  sub -equal.  Larva  with  simple 
biting  mouth -parts. 

This  order,  including  two  families,  the  Sialidce  and  Eaphi- 
diidce,  has  been  separated  from  the  rest  of  the  Neuroptera  on 
structural  differences,  which  are  especially  noticeable  in  the 
earlier  stages. 

There  is  a  large,  strongly  chitinized  head  with  compound 
eyes,  and  sometimes  ocelli.  Antennse  are  long  and  simple, 
or  as  in  Chauliodes,  pectinated.  Mandibles,  maxillae,  etc., 
are  all  well  developed  and  of  primitive  biting  type.  The 
prothorax  varies  somewhat  in  form,  but  is  generally  well 
chitinized.  Wings  are  very  like  those  of  Nenroptera  with  many 
longitudinal  and  cross-veins.  The  legs  are  simple,  adapted  for 
walking,  with  two  tarsal  claws.  Abdomen  stout  ;  female  in 
Eaphidiidai  with  an  exserted  ovipositor  (Plate  II,  Fig.  8). 
Colour  dull. 

The  larva  (Plate  II,  Figs.  7  and  9)  is  most  distinctly  different 
from  the  very  uniform  larva  of  the  Neuroptera.  It  much 
resembles  a  carnivorous  coleopterous  larva  and  has  masticatory 
mouth-parts  with  well- developed  mandibles  and  maxillse. 
There  is  no  approach  to  the  piercing  and  sucking  type  of  the 
Ant-lions  and  Lace-wings.  Both  head  and  prothorax  are 
strongly  chitinized  and  of  large  size ;  the  rest  of  the  body  is 
softer  and  tapers  to  the  extremity.  Legs  are  well-developed 
and  have  two  tarsal  claws. 

The  internal  anatomy  presents  several  interesting  points. 
In  both  families  Sialidce  and  Baphidiidce  there  is  a  food  reser- 
voir to  the  oesophagus.  There  are  six  Malpighian  tubules, 
and  in  Raphidia  four  of  the  six  form  loops.  Thus  we  have  an 
approach  to  the  condition  found  in  Neuroptera  proper. 

The  life-history  is  fairly  uniform ;  Sialids  are  aquatic  and 
Raphidiids  terrestrial  or  arborial.    There  are  about  six  larval 
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moults  "before  pupation.  'No  cocoon  is  spun  by  the  larva,  and 
the  pupa  is  free.  Winter  is  frequently  passed  in  the  larval 
state. 

Checks  on  these  insects  are  of  the  usual  order :  insectivorous 
animals  and  parasites.  Theii'  economic  importance  is  very 
slight.  Sialids  form  part  of  the  food  of  fishes.  Ita]ohidiidce 
have  been  introduced  into  Australia  in  the  hope  of  checking 
the  codling  moth,  but  it  is  douhtfnl  whether  they  ever  occur 
naturally  in  sufficient  abundance  to  do  real  good. 

References:  Coll.  ZooL  Selys,  V,  1910,  Van  der  Weele 
(Sialida^);  Genera  I%sectoriim,  Fasc.  154,  1914,  Petersen 
(Raphidiidae). 

There  are  six  British  species,  two  of  Sialis,  and  four  of 
Eaphidia,  Descriptions  of  these  are  to  be  found  in  Mac- 
Lachlan's  Monograph,  Trans.  Ent.  Soc,  London,  1868. 

Alder-flies. 

Head  square  with  fairly  long  antennae  ;  prothorax  large  ; 
wings  sloped  over  the  body. 

The  distribution  of  this  family  is  mainly  temperate,  but  a 
number  are  found  in  the  tropics. 

They  are  heavy  insects  of  dull  coloration  (Plate  11,  Fig.  6), 
slow  on  the  wing  and  generally  sluggish  in  habits.  The  body 
is  somewhat  massive  in  build  with  a  large  head  and  fairly  long 
antennae.  The  wings,  which  are  generally  smoky,  have 
venation  similar  to  that  of  the  Nemopiera,  When  at  rest 
they  are  sloped  roof-like  over  the  body.  These  insects  are  to 
be  found  almost  entirely  in  the  vicinity  of  water. 

The  head  is  large  and  sq[uare,  with  or  without  ocelli,  but 
compound  eyes  are  always  present.  Mandibles  are  of  the 
biting  type,  toothed  internally  as  a  rule.  They  may  be 
enormously  developed  as  in  the  male  Oorydalis.  The  prothorax 
is  large  and  square.  Wings  are  almost  equal  in  size,  hyaline 
or  smoky  and  net-veined.  Walking  legs  are  present.  The 
larva  (Plate  II,  Tig.  7)  resembles  a  Carabid  larva  to  a  certain 
extent,  the  head  and  thoracic  segments  being  strongly 
chitinized,  while  the  abdomen  is  soft.    Biting  mouth-parts. 
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with  well  developed  mandibles  and  maxillae,  are  borne  by  the 
head,  which  is  large  and  rather  square.  The  legs  are  slightly 
fringed  with  hairs.  There  is  an  abdomen  of  nine  segments 
tapering  to  a  tail.  The  first  seven  abdominal  segments  are 
furnished  with  tracheal  gills,  which  are  filamentous,  and  curve 
upwards  over  the  body,  in  Sialis.  The  number  and  arrange- 
ment of  these  tracheal  gills  is,  however,  very  variable  among 
the  different  forms..  Of  the  internal  anatomy  it  may  be  noted 
that  there  is  a  diverticulum,  or  food  reservoir,  to  the  oesophagus. 
There  are  six  Malpighian  tubules. 

The  family  has  been  divided  into  two  sub-families  : — 

(1)  Corydalince,  which  have  three  ocelli  and  the  fourth 
tarsal  joint  simple.  These  are  large  insects  of  which  the  two 
main  genera  are  Corydalis  and  Chauliodes. 

(2)  Sialidince,  which  have  no  ocelli  and  the  fourth  tarsal 
joint  bilobed.  These  are  small  insects  mainly  found  in 
temperate  climates.    Sialis  may  be  mentioned  as  type. 

Corydalis  cornutus  of  N.  America  has  the  following  life- 
history.  Pairing  takes  place  in  the  middle  of  summer,  the 
male  using  its  huge  mandibles  to  hold  the  female.  About 
3,000  eggs  are  laid  by  a  single  female,  in  flat  patches  on  leaves 
overhanging  water.  The  larva  drops  into  the  water  on 
hatching,  and  is  carnivorous.  In  form  it  is  very  like  the 
larva  of  Sialis,  but  there  are  eight  pairs  of  bushy  abdominal 
gills,  each  gill  tuft  having  by  the  side  of  it  an  additional  longer 
filament.  The  winter  is  passed  as  a  larva,  and  in  early  summer 
it  leaves  the  water,  making  a  cell  in  the  earth  under  a  log  or 
stone,  in  which  to  pupate.  There  are  six  moults  before 
pupation.  The  pupal  stage  is  short  and  the  fly  emerges  a  few 
weeks  later.    (A.  S.  Packard,  Junr.) 

Sialis  (Plate  II,  Pig.  6)  has  a  very  similar  life  cycle,  eggs  to 
the  number  of  two  or  three  thousand  being  laid  in  dark  masses 
on  leaves  near  water.  The  egg  is  cylindrical  with  a  stalked 
knob  at  one  end.  Larvse  hatch  and  live  in  mud  at  the  bottom 
of  ponds,  feeding  on  worms  and  other  soft-bodied  animals. 
When  full  fed  they  leave  the  water  and  pupate,  either  in  a  cell 
excavated  in  the  bank,  or  often  in  decaying  logs  near  the 
water's  edge.  There  is  no  cocoon  and  the  legs  of  the  pupa 
are  freely  movable.  The  fly  emerges  in  a  few  weeks  after 
pupation,  and  may  be  found  from  the  beginning  of  April  until 
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June.  There  is  one  brood  in  the  year.  Winter  is  passed 
a  larva. 

Alder-flies,  both  as  larvae  and  imagines,  are  preyed  upon 
fish  and  birds.  The  eggs  are  parasitized  by  various  Eymm 
tera,  especially  by  the  well-known  fairy-flies. 

Reference  :  Van  der  Weele,  Coll,  Zool.  Selys.  V,  1910. 

In  Britain  we  have  two  species  of  Sialis,  S,  lutaria  \ 
S,  fuliginosa.    (See  MacLaehlan,  1868.) 

The  family  is  of  no  economic  importance. 

Raphidiid^. 

Snake-flies. 

Head  and  prothorax  elongated.  Female  with  a  1 
ovipositor. 

Distribution  almost  entirely  Palearctic  and  Nearctic. 

Snake-flies  (Plate  II,  Kg.  8)  can  at  once  be  recognize( 
the  field  by  the  curious  neck,  formed  by  the  prothorax.  "W 
at  rest  this  neck  is  raised  and  the  head  depressed,  givir 
very  characteristic  attitude.  Plight  is  weak ;  the  wings 
transparent  and  net- veined,  when  at  rest  being  held  roof 
over  the  body.    The  colour  of  the  body  is  dark  brown. 

Both  head  and  prothorax  are  strongly  chitinized ;  mandi 
powerful  and  toothed  on  their  ianer  margins.  The  ante 
are  simple,  slender  and  usually  about  half  the  length  of 
wings.  There  is  a  pair  of  compound  eyes ;  ocelli  maj 
present  (Raphidia)  or  absent  {Inocellia),  The  prothora 
sub-cylindrical  and  long.  Wings  are  of  Neuropterous  pat 
with  a  distinct  pterostigma.  There  are  six  walking  . 
In  the  female  there  is  a  long  exserted  ovipositor  (Plate 
Pig  8). 

The  salivary  glands  are  long  and  tubular.  There 
food  reservoir  as  in  Sialidoe.    Four  out  of  the  six  Malpig 
tubules  are  attached  at  their  extremities  to  form  loops. 

Eggs  are  laid  by  the  female  with  her  slender  ovipositc 
cracks  in  the  bark  of  trees.  The  eggs  are  rather  elongate 
have  a  stalked  knob  as  in  Sialidce.  The  larva  (Plate  II,  Pi 
resembles  a  Carabid  larva.    Both  head  and  prothorax 
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strongly  chitinized.  The  abdomen  is  soft.  There  are  biting, 
carnivorous  mandibles,  short  antennae  and  simple  eyes.  The 
body  is  very  flexible,  and  the  larva  can  wriggle  rapidly  back- 
wards, using  the  tip  of  the  abdomen  as  an  additional  leg. 
Larvfie  live  under  the  bark,  or  in  crevices,  and  feed  on  small 
insects  arid  larvae.  They  can  fast  for  quite  long  periods,  and 
may  pass  two  or  more  years  as  a  larva  if  food  is  scarce.  The 
pupa  lies  in  a  slight  cell  or  cavity  under  the  bark ;  there  is 
no  cocoon.  At  the  end  of  this  stage,  the  pupa  crawls  out  of 
its  cell  and  for  a  short  distance  up  the  trunk  of  the  tree,  before 
the  imago  appears.  There  is  never  more  than  one  brood  in 
the  year  ;  the  insect  generally  hibernates  as  a  larva,  but 
Eaphidia  maculicollis  passes  the  greater  part  of  the  winter 
in  the  pupal  state  (C.  L.  W.)-  As  checks  may  be  mentioned 
fungal  (e.g.  Empusa  lampyridarum)  and  Hymenopterous 
parasites,  which  attack  the  larva. 

There  are  several  monographs  on  the  family ;  see  Navas, 
Arch,  Inst  Catalan,  1918,  and  Petersen,  Gen,  Ins.  Fasc.  154 
(1914).  Albarda  monographed  the  Raphidiidce  in  Tijdschr. 
Eniom.  XXXIV,  1891. 

We  have  four  British  species  of  Baphidia  :  J?,  noiaia,  R. 
xanthostigma,  B,  cognaia,  and  R,  maculicollis.  The  British 
work  on  the  family  is  that  of  MacLachlan  (1868). 
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Lace- wings  and  Ant-lions. 

Wings  net-veined,  equal  or  unequal.  Larva  with  mouth- 
parts  modified  for  piercing  and  sucking. 

The  order  Neuroptera,  as  now  restricted,  contains  sixteen 
families.  A  number  of  these  were  previously  included  in  the 
one  family  Hemerobiidce,  but  many,  notably  the  Ithonidcr. 
and  Nymphidce,  are  so  distinct  as  certainly  to  warrant 
family  rank.  The  sequence  adopted  here  agrees  with  that 
of  Tillyard.  The  families  are  :  Ithonidce,  Hemerohiid(B, 
Dilaridce,  Sisyridcc,  Coniopterygidce,  Psychcpsidce,  PoIysicecJio- 
tidce,  Osmylidce,  Berothidce,  Chrysopidce,  Apochrysida',  Mantis- 
pidce,  Nymphidce,  Nemopteridce,  Myrmelconidm,  Ascalaphidce. 

The  order  is  remarkably  homogeneous.  In  the  imago 
there  is  a  distinct  head  with  mandibulatc  mouth-parts,  large, 
or  fairly  large  antennae,  compound  eyes,  and  sometimes  ocelli. 
The  prothorax  is  always  distinct  and  well  developed.  The 
wings  are  net-veined,  usually  with  a  complicated  system  of 
venation.  Legs  are  simple  or  modified,  as  in  MantisjJa, 
Internally  there  is  a  food  reservoir  as  a  diverticulum  of  the 
oesophagus,  and  eight  Malpighian  tubes. 

The  larva  is  predaceous  and  feeds  on  other  insects  and  the 
like,  in  some  cases  on  sponges  {Sisyra).  The  head  bears  simple 
eyes,  composed  of  groups  of  ocelli,  and  short  antennse.  Each 
mandible  is  grooved  on  its  ventral  side,  and  against  this  groove 
the  maxilla  is  pressed  in  such  a  way  as  to  form  a  complete 
tube.  The  larva  is  thus  furnished  with  a  pair  of  tubular 
sucking  jaws,  by  means  of  which  it  can  extract  the  juices  of 
its  prey.  There  is  no  maxillary  palpus,  but  labial  pali)i  are 
generally  present.  The  mouth  is  partly  closed  and  all  nutri- 
ment is  taken  in  fluid  form  through  the  jaws.  The  t!:orax  is 
soft  and  not  chitinized  as  in  Megaloptem.  There  are  six  legs, 
each  with  two  tarsal  claws.  The  alimentary  canal  is  fairly 
simple,  but  there  is  no  communication  between  the  pyloric 
end  of  the  stomach  and  the  anus.   All  solid  waste  is  therefore 


10. 


1. 


Plate  III.  Neuhoptera. 

Ithone  fifsca  inia«o  (x  ->).  Ithoiiid*. 

JJonom^fia  snhnehulom  imago (^x  4).  HcM.'u.rohiida. 

Osmylus  chrysops  imago  ( x  ■>).  Osuiylida. 
7>  »,      .  »       larva  (x  4^. 
PmhopHi,  zrbra  hmgo  (x  ■>).  Psychopsida'. 
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stored  in  the  mid-gut,  and  is  evacuated  in  a  mass  during  the 
early  part  of  imaginal  life.  There  are  eight  Malpighian  tubules, 
and  of  these  six  have  their  distal  ends  united  and  lead  to  a 
reservoir  which  communicates  with  the  anus.  At  the  end  of 
the  larval  period  the  greater  part  of  each  of  the  looped 
Malpighian  tubules  becomes  differentiated  as  a  silk-secreting 
gland,  and  the  nuclei  of  the  cells  so  specialized  become  ramified 
as  in  true  silk  glands.  The  silk  secreted  collects  in  the  reservoir 
and  is  spun  out  through  the  anus  when  the  cocoon  is  con- 
structed. This  structure  is  found  in  all  the  Neurojptera,  and 
although  modification  of  the  mouth-parts  occur,  the  principle 
is  always  the  same. 

The  life-cycle  varies  considerably,  but  the  larva  is  always 
predaceous.  There  are  three  larval  instars,  except  in  Ithonidce 
with  five  and  Croce  reported  with  two.  A  cocoon  is  spun  by 
the  larva,  and  is  usually  remarkably  small  compared  with 
the  size  of  the  larva  and  of  the  emerging  insect.  The  pupa 
is  quiescent,  but  all  the  limbs  are  freely  movable  in  late 
pupal  life.  It  is  provided  with  special  mandibles  with  which 
to  cut  its  way  out  of  the  cocoon. 

The  order  is  wholly  beneficial  to  man.  This  applies  especially 
to  the  Hemerobiidce,  Coniopterygidce  and  Chrysopidce,  which 
check  Aphids,  Coccids,  mites,  etc. 

Monographs  on  the  families  of  the  Neuropiera  are  mentioned 
under  each.  A  general  classification  is  given  by  R.  J.  Tillyard, 
Proc.  Linn.  Soc.  N.S,W.,  1918. 

In  Britain  we  have  representatives  of  Hemerobiidce,  Sis'yridce, 
Coniopterygidce,  Osmylidce,  and  Chrysopidoe,  For  accounts  see 
MacLachlan,  Trans.  Ent.  Soc.  Lond.,  1868. 

ITH0NID-2E. 

Moth  lace- wings. 

Stout -bodied  insects  with  large  heads,  filamentous  an- 
tennae, and  narrow  equal  wings. 

The  Ithonidce  are  native  to  Australia  and  Tasmania, 
but  have  been  introduced  into  New  Zealand.  These  insects 
(Plate  III,  Fig.  1)  bear  considerable  resemblance  to  the 
Hepialidce  among  moths,  but  no  scales  are  present.    They  are 
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of  dingy  colours  and  probably  approach  the  Megaloptera  more 
nearly  than  any  other  of  the  Neuroptem,  When  at  rest  the 
wings  lie  close  to  the  body.  The  legs  are  short,  but  Ithone 
can  run  rapidly  like  a  cockroach. 

The  head  is  large  and  sessile  on  the  prothorax.  There  are 
well-developed  biting  mandibles  which  are  not  toothed 
internally.  Those  of  the  male  are  longer  and  sharper  than 
those  of  the  female.  The  maxillse  have  five-jointed  palpi, 
the  labium  is  reduced  and  bears  a  pair  of  long  three-jointed 
palpi.  Antennae  are  filiform  and  tapering,  prominent  com- 
pound eyes  are  present,  but  ocelli  are  wanting  or  vestigeal. 
The  thorax  is  stout,  the  wings  are  narrow  and  usually  dark 
brown  in  colour.  When  at  rest  they  are  roofed  over  the  body. 
There  are  one  or  more  radial  sectors  and  a  humeral  recurrent 
vein  is  present.  Legs  are  short,  each  with  a  five- jointed  tarsus 
and  bilobed  empodium.  The  abdomen  is  stout.  Males  are 
smaller  than  females  and  can  be  recognized  by  the  genitalia. 

Eggs  are  laid  in  sand  and  are  large,  oval  and  soft :  being 
covered  with  a  sticky  material  the  sand  grains  adhere  to  them. 
The  larva  is  a  soft,  whitish,  burrowing,  blind,  Melolonthoid 
grub  (Plate  II,  Fig.  10).  Mandibles  and  maxillae  are,  as  usual, 
adapted  for  sucking,  but  are  short  and  of  simple  form.  This 
larva  passes  a  subterranean  existence,  feeding  upon  other 
larvae,  as  for  example  those  of  Melolonthid  beetles.  There 
are  five  larval  instars.  The  pupa  is  enveloped  in  a  cocoon 
and  is  also  under  sand.  When  about  to  emerge  the  pupa 
escapes  and  makes  its  way  to  the  surface. 

The  family  has  been  reviewed  by  TUlyard,  Trans.  Linn,  Soc. 
N,S,W.,  1919,  and  the  life-history  of  Ithone  described  (Bull. 
Ent  Res.,  1922). 

Economic  importance  slight,  but  beneficial. 

HEMEROBIIDiE3. 

Brown  lace- wings. 

Antennae  long,  moniliform.  Wings  with  at  least  two 
radial  sectors.  Subcosta  runs  into  margin  of  wing  and  not 
into  radius. 

This  family  is  of  world-wide  distribution.  The  Hemerobiidce 
are  deUcate  Neuropterous  insects  (Plate  III,  Fig.  4),  usually 
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coloured  in  browns.  They  frequent  woods  mainly.  Some 
approacli  the  Lepidoptera  in  form,  e.g.  Drepanepteryx,  which 
strongly  resembles  a  Drepanid  moth,  but  the  wings  are  never 
scaly.  When  at  rest  the  wings  are  held  steeply  roof-like 
over  the  body,  the  antennae  being  stretched  out  in  front  in  a 
straight  line.  Habits  are  mainly  nocturnal,  but  flight  by  day 
is  by  no  means  uncommon,  especially  on  disturbance. 

The  head  is  furnished  with  compound  eyes.  Antennae  are 
moniliform ;  mouth-parts  biting.  The  prothorax  is  frequently 
longer  than  either  of  the  other  two  thoracic  segments,  but  not 
as  long  as  in  Chrysopidce.  The  wings  have  many  veins  and 
are  of  the  usual  type.  Sex  determination  is  by  means  of 
the  genitalia,  which  are  as  a  rule  easily  visible  externally. 

The  larva  (Plate  III,  Fig.  5)  is  somewhat  elongated,  but 
really  quite  typical  in  both  external  and  internal  structure. 
The  mandibles  and  maxillae  unite  to  form  a  tube,  but  the 
sucking  jaws  thus  formed  are  fairly  short  and  stout,  inwardly 
curved.  They  are  simple  and  not  toothed.  The  head  itself 
is  relatively  small,  and  is  provided  with  short  filiform  antennae 
and  simple  eyes.  The  body  is  naked  except  for  very  minute 
hairs.  There  are  three  pairs  of  walking  legs,  and  the  anal 
extremity  is  used  as  an  additional  leg  when  in  motion.  In 
the  larval  state  there  is  no  external  opening  to  the  alimentary 
canal,  and  the  anus  is  used  as  a  spinneret  for  silk  secreted  by 
the  Malpighian  tubules. 

Eggs  are  generally  laid  singly,  attached  by  their  sides  to 
leaves  and  twigs  of  trees.  They  are  of  long  oval  shape, 
averaging  about  J  to  1  mm.  in  length.  At  the  micropylar  end 
is  a  small  knob.  The  larva  escapes  by  a  rent  in  the  eggshell 
and  feeds  on  small  Ehynchota  and  mites.  There  are  three  larval 
instars ;  pupation  occurs  in  a  loosely  woven,  elliptical  cocoon 
spun  by  the  larva  among  leaves,  or  in  crevices  of  tree  bark, 
or  in  moss  on  the  ground.  The  pupa  tears  a  hole  in  the  cocoon 
and  climbs  to  a  suitable  position  before  the  imago  appears. 

Larvae  of  Hemerobuds  are  attacked  by  several  Hymenop- 
terous  parasites.   Birds,  ants  and  spiders  prey  on  the  adults. 

A  revision  of  the  Nearctic  Eemerobiidce  is  given  by  Banks  in 
Trans.  Amer,  Ent,  Soc,  1906.  For  classification  see  Ejruger, 
1922.  Navas  has  published  a  table  of  genera  and  tribes  in 
Broteria  9  (1910).    MacLachlan  monographed  the  British 
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forms  in  1868,  and  published  further  notes  in  Ent  Mo.  Mag,, 
1899.    See  also  Withycombe,  1922. 

The  Hemerobiidce  are  wholly  beneficial  to  man  and  often 
occur  in  large  numbers  on  forest  trees,  acting  as  checks  on 
Aphids,  Jassids,  etc. 

DiLARIDiE. 

Antennae  of  male  pectinated,  female  with  a  long  exserted 
ovipositor. 

These  insects  are  found  sparsely  in  most  parts  of  the  world. 
In  general  appearance  they  resemble  the  Hemerobiids,  but  the 
pectinate  antennae  of  the  male  and  the  long  ovipositor  of  the 
female  at  once  separates  them. 

The  head  has  three  tubercles  on  the  vertex  which  much 
resemble  ocelli.  Prothorax  transverse,  wings  entire  with  four 
or  more  radial  sectors.  The  subcosta  ends  in  the  margin  of 
wing  and  does  not  run  into  the  radius.  Gradate  vcinlcts 
are  irregular.  In  the  female  the  hind-wings  tend  to  atrophy. 
Metamorphoses  apparently  not  known.  The  long  ovipositor 
of  the  female  suggests  a  similar  habit  of  life  to  that  of  jRaphidia, 
but  the  imagines  are  generally  found  near  water. 

The  family  has  been  monographed  by  Navas,  Ge7i,  Ins.  156. 

SiSYRIDiE. 

Small  brown  insects  resembling  Hemerobiids,  but  with 
one  radial  sector.  The  subcosta  runs  into  the  radius  in 
the  region  of  the  pterostigma. 

The  Sisyridce  are  mainly  North  Temperate  in  distribution. 

Though  their  general  appearance  is  the  same  as  that  of 
Hemerobiids,  the  Sisyridoe  are  quite  different  in  habits,  being 
entirely  aquatic  as  larvae.  They  are  usually  dark  brown  in 
colour,  the  wings  being,  as  a  rule,  unspotted.  Antennae  are 
moniltform  and  simple.  There  are  no  ocelli.  The  last  joint 
of  the  labial  palpi  is  swollen.  In  the  wings,  there  is  one  radial 
sector,  which  does  not  generally  branch  more  than  twice. 
Costal  veinlets  are  simple,  there  is  no  recurrent  humeral  vein, 
no  gradate  series,  and  very  few  cross- veins. 

Eggs  are  of  Hemerobiid  forms,  *35  mm.  long,  laid  in  groups 
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and  coyered  by  a  thin  layer  of  silk  by  the  female.  The  larva 
lives  in  or  upon  sponges.  It  has  very  much  elongated,  needle- 
like, but  flexible  mandibles  and  maxillse .  On  the  ventral  surface 
of  each  of  the  first  seven  abdominal  segments  are  a  pair  of 
jointed,  leg-like,  tracheal  gills.  When  full  fed  the  larva  leaves 
the  water  and  spins  a  small  cocoon  of  silk  on  walls  or  amongst 
herbage,  etc.  From  this,  in  due  course,  the  fly  emerges. 
(Withycombe,  1922). 

Three  species  of  Sisyra  are  found  in  the  British  Isles  :  S. 
fuscata,  S.  terminalis  and  S.  Dalii.  These  have  been  treated 
of  by  MacLachlan,  1868. 

CONIOPTERY  GIDugj] . 

Mealy- wings. 

Very  small,  the  entire  insect  covered  with  a  white  waxy 
powder.  Wing  venation  simple.  Hind -wings  always 
smaller  than  fore -wings  and  sometimes  much  reduced. 

Species  of  this  famiiy  are  recorded  from  most  parts  of  the 
world.  They  are  small  flies  (Plate  III,  Fig.  2),  averaging  an 
eighth  of  an  inch  in  length  with  wings  at  rest.  They  resemble 
the  Ahurodidce  as  the  wings  and  body  are  covered  with  a  white 
waxy  powder  ;  they  can,  however,  at  once  be  distinguished  by 
their  long  antennae,  biting  mouth-parts  and  more  complex 
venation.  The  wings  at  rest  are  carried  steeply  roof  wise  over 
the  body.    Flight  is  weak  and  of  short  duration. 

The  head  is  relatively  large  with  long  moniliform  antennae, 
compound  eyes  and  biting  mouth-parts.  Legs  are  well 
developed,  and  the  insect  can  run  rapidly.  The  wings  have  a 
fairly  simple  venation  with  very  few  cross-veins  and  are 
covered  with  the  white  waxy  powder  common  to  the  whole 
insect.  In  the  genus  Conwentzia,  the  hind-wings  are  consider- 
ably reduced.  The  tribe  Aleuropterygince  is  remarkable  in  that 
these  insects  have  a  pair  of  curious  eversible  ventral  sacs  on 
each  of  abdominal  segments  one  to  five,  and  a  rudimentary 
pair  on  the  sixth  abdominal  segment.  These  are  situated  just 
below  the  spiracles  ;  their  function  is  unknown. 

The  larva  (Plate  III,  Fig.  3)  is  ovoid  or  fusiform  with  well- 
developed  legs.   The  mouth-parts  are  somewhat  modified  from 
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the  usual  type  found  in  this  order,  heing  reduced  to  a  conical 
form,  but  in  working  principles  they  are  quite  in  accordance 
with  the  rest  of  the  Neuroptera. 

The  insects  are  semi-gregarious,  and  where  found  are  often 
plentiful,  oak  trees  especially  are  frequently  covered  with  the 
white  cocoons  of  Conwentzia,  Eggs  are  generally  laid  singly 
on  the  edges  of  leaves  or  on  the  twigs  and  bark.  The  egg  is 
of  an  elongated  oval  shape  slightly  flattened  and  lies  attached 
by  its  side  to  a  surface.  At  the  micropylar  end  it  may  be 
pointed.  Colour  when  jfirst  laid  is  yellow  or  orange.  Larvas 
hatch  in  about  a  week  and  feed  voraciously  on  mites  and  small 
Rhynchota.  On  oaks  they  constitute  an  important  check  on 
the  Phylloxera,  in  virtue  of  their  great  abundance.  The  larva 
runs  rapidly  about,  piercing  its  prey  with  the  conical  sucking 
spears  and  extracting  all  fluid  matter.  The  body  of  the 
larva  is  naked,  save  for  small  hairs.  There  are  tjiree  larval 
instars.  When  full  fed  a  flat  circular  cocoon  of  white  silk  is 
spun  which  consists  of  two  envelopes,  an  outer  and  an  inner. 
This  the  larva  constructs  by  moving  the  anal  spinneret  to  and 
fro  over  its  back,  having  first  selected  a  suitable  position  on 
the  underside  of  a  leaf  or  on  the  bark  of  the  tree.  The  pupa 
on  emerging  from  the  cocoon  cuts  a  semicircular  slit  in  both 
envelopes,  and  the  perfect  insect  emerges  from  the  pupal  skin. 
There  are  usually  two  broods  in  the  year.  The  late  summer 
brood  of  larvae  always  spin  on  the  bark  of  the  tree  and  never 
on  the  leaves.  Winter  is  passed  as  a  larva  within  the  cocoon, 
pupation  not  occurring  until  spring.  These  insects  are  entirely 
confined  to  trees  and  woody  shrubs.  Several  Hymenopterous 
parasites  attack  the  larvse.  Chrysopid  larvae  prey  on  both 
larvae  and  pupae  of  Coniopterygidce, 

The  family  was  monographed  by  Enderlein,  Zool.  Jahrb., 
1906,  and  there  is  a  catalogue  of  the  genera  by  the  same  author 
in  Gen.  Ins.  67,  1908.  Bagnall  had  a  brief  review  of  the 
European  species  in  Ent,  jRcc,  1915,  see  also  Withycombo, 
1922,  1923.  As  British  there  are  recorded  two  species  of 
Conwentzia,  two  of  Coniopteryx,  one  of  Semidalis,  one  of 
Parasemidalis,  and  one  of  JSelicoconis. 

This  famUy  is  wholly  beneficial  to  man,  and  the  iasects,  when 
abimdant,  may  act  as  a  very  appreciable  check  on  the  smaller 
noxious  fauna  of  trees. 
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PSYCHOPSID^. 

Wings  very  broad  with  rounded  apices.  Subcosta,  radius, 
and  radial  sector  run  together  closely  parallel,  forming  the 
vena  triplica,  which  is  quite  characteristic.   Antennae  short. 

The  Psychopsidce  are  mainly  Australian  and  African  in 
distribution.  In  appearance  (Plate  III,  Fig.  10)  they  are  so 
distinct  that  it  would  be  difficult  to  confuse  them  with  any 
other  insects.  The  wings  are  very  broad  and  have  a  soft, 
hairy  appearance.  When  at  rest  they  are  roofed  over  the  body. 
Antennae  are  short  and  quite  inconspicuous.  The  head  is  of 
medium  or  small  size,  with  lateral  compound  eyes  and  no 
ocelli.  The  mandibles  are  small;  maxillae  with  five-jointed 
palpi ;  labial  palpi  three- jointed.  The  legs  are  short ;  tarsus 
five- jointed  with  a  broad  empodium  between  the  claws.  The 
wings  are  very  broad  and  rounded.  Costal  area  wide,  with 
no  differentiated  pterostigma.  The  subcosta,  radius,  and 
radial  sector  run  closely  together  as  the  vena  triplica  and  form 
the  anastomosis  a  short  distance  from  apex  of  wing.  A  series 
of  cross  veinlets  runs  in  the  costal  area  and  outside  the  outer 
gradate  series,  thus  cutting  off  a  margin  round  the  wing.  This 
and  the  vena  triplica  are  particularly  noteworthy  in  the 
Psychopsid  wing.    The  abdomen  is  short  and  fairly  stout. 

The  larva  has  a  large,  strongly  chitinized,  chestnut-brown 
head,  with  a  pair  of  untoothed,  curved,  caliper-like  sucking 
jaws.  Between  the  jaws  is  a  triangular,  projecting  labrum. 
The  long  antennae  are  ten- jointed,  and  labial  palpi  five- jointed 
in  the  third-instar  larva.  The  rest  of  the  body  is  soft  and 
greyish-brown  in  colour.  It  is  slightly  flattened,  fairly  long, 
and  tapers  posteriorly.  The  legs  are  short,  fitted  for  backward 
movement  and  possess,  between  the  two  tarsal  claws,  a 
trumpet-shaped  empodium,  as  also  found  in  Chrysopid  larvse. 

The  life-history  of  Psychopsis  elegans  Guer.  is  as  follows : 
Eggs  are  laid,  attached  by  their  sides,  on  the  bark  of  Myxtaceous 
trees,  especially  on  Eucalyptus.  They  are  oval,  with  a  micro- 
pylar  projection  and  are  about  1  mm.  in  length.  Their  colour 
is  cream,  tinged  with  green.  Oviposition  takes  place  in 
January  and  February  in  Australia.  After  about  twelve  days 
the  young  larva  hatches  and  at  once  conceals  itself  in  a  crevice 
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of  the  bark.  It  lives  in  this  way,  under  bark  much  as  does  the 
larva  of  RapMdia,  and  like  the  latter  prefers  moving  backward 
in  its  retreat.  Any  small  insects  are  accepted  as  food,  being 
sucked  dry  by  the  curved  jaws.  The  first  winter  is  passed  as 
a  first-instar  larva,  the  second  winter  in  the  third  instar,  and 
in  the  following  spring  an  almost  spherical  cocoon  of  cream 
coloured  silk  is  spun  in  a  crevice.  On  emergence  the  pupa 
cuts  with  its  jaws,  which  are  asymmetrical,  a  circular  lid  in 
the  cocoon,  and  pushing  this  open  ascends  the  tree  trunk  a 
short  distance  before  disclosing  the  imago. 

Birds  have  been  observed  to  feed  upon  the  imagines. 

Tillyard  gives  an  account  of  the  PsycJiopsidce  in  Proc.  Liiin. 
Soc.  N.S.W.  1918,  and  the  Hfe-history  of  P.  elegans  in  the  same 
proceedings  for  1919. 

These  insects  are  too  rare  to  be  of  any  economic  importance, 
though  they  are  wholly  beneficial.  There  are  no  British 
species. 

POLYSTGECHOTID  JE . 

Wings  ample,  sub-acute,  speckled  with  black  or  brown. 
The  subcosta  runs  into  the  radius  near  pterostigma.  One 
radial  sector  with  ten  to  twenty  branches.  Humeral 
vein  recurrent. 

Polysi(Bchoies  punctatns  is  fairly  common  in  North  America, 
and  appears  to  have  similar  haunts  to  those  of  Osmylns  in 
Europe. 

In  general  appearance  Polystoichotes  is  like  a  large  Hemcrobiid 
with  rather  short  antennse  and  slightly  more  acute  wings.  It 
expands  about  two  and  a  half  inches.  The  main  venational 
characters  have  been  mentioned. 

Welch  (Bull.  Brooklyn  Ent.  Soc.  1914)  says  that  the  eggs  are 
oval,  chalk- white  in  colour,  and  '92  to  -94  mm.  long.  The 
larva  hatches  in  fifteen  days,  and  is  apparently  very  like  a 
Hemerobiid  larva  with  short  and  stout  inwardly  curved  jaws, 
but  the  antenna3  have  more  joints  than  Hemerobiids — eight 
on  hatching.    Welch  believes  that  the  larva  is  terrestrial. 

Life-history  not  fully  known.  Banks  in  his  Revision  of  the 
Nearctic  Hemerobiidm,  1906,  gives  an  account  of  Polystoechotes 
punctaius.    There  are  no  British  species. 
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OSMYLIDJE. 

Fore- wings,  which  tend  to  be  somewhat  falcate,  with  one 
radial  sector.  The  subcosta  is  confluent  with  the  radius  at 
apex.  The  humeral  cross -vein  is  not  recurrent.  Head  with 
three  ocelli. 

The  Osmylidce  have  almost  a  world-wide  distribution,  but 
are  not  recorded  from  North  America.  They  are  insects  of 
moderate  size,  found  near  water.  Colour  brown,  wings  often 
spotted  or  marked  with  darker.  The  subfalcate  wings  are 
characteristic  (Plate  III,  Fig.  8).    The  sexes  are  similar. 

The  head  has  three  ocelli  and  moniliform  antennae  which 
are  shorter  than  the  wings.  Prothorax  longer  than  broad. 
Wings  with  subcosta  and  radius  confluent  near  pterostigma, 
and  other  characters  as  above. 

Eggs  are  laid  near  water,  the  egg  being  1*5  mm.  long,  yellow- 
ish-white, oval,  with  a  white  knob  at  the  micropylar  end.  The 
larva  (Plate  III,  Pig.  9)  is  amphibious,  of  general  Hemerobiid 
shape,  but  with  long,  almost  straight  sucking  spears.  The 
mandibles  and  maxillae  are  much  elongated,  curved  upwards 
and  slightly  outwards.  The  larva  preys  upon  other  insects 
and  lives  among  damp  moss,  etc.,  at  or  near  the  water's  edge. 
When  almost  full  fed  the  larva  hibernates,  and  in  spring  or 
early  summer  an  irregular  rounded  cocoon  of  silk  is  spun  in 
moss  or  debris.  The  imago  is  sluggish,  only  flying  by  day  on 
disturbance. 

The  family  has  been  monogrsbjp^iedhy  Kiiigor  in  Stettiner  Ent, 
Ztg,  73  and  74,  1913. 

We  have  only  one  British  species,  Osmylus  chrysops.  This 
is  mentioned  by  MacLachlan  in  his  monograph  of  1868. 

No  economic  importance  can  be  attributed  to  the  Osmylidce. 

BEROTHiDiE  (including  Trichomatidce). 

Fore-wings  frequently  falcate,  scales  often  present  on 
wings.   Otherwise  rather  similar  to  Hemerobiidae. 

The  Berothidce  are  fairly  generally  distributed  throughout 
the  world,  but  appear  to  be  nowhere  common.    They  are 
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mostly  dingy  brown  in  colour,  and  but  for  small  venational 
characters  are  hardly  distinguishable  from  Hemerobiids,  with 
which  in  fact  they  have  been  generally  classed. 

Little  need  be  said  as  to  their  structure,  which  in  most  points 
does  not  differ  from  that  of  other  Neuro^tem.  The  wings  are 
worthy  of  notice,  however,  as  those  of  many  species  have 
scaly  areas.  Thus  females  of  Sjpermophorella  have  a  scale 
area  on  the  veins  of  the  hind- wings,  while  the  fringes  of  the 
wings  in  Isoscelipteron  are  composed  partly  of  scales.  These 
scales  are  modified  macrotrichia.  The  venation  varies  through- 
out the  family. 

Tillyard  gives  an  account  of  eggs  and  young  larvse  of  Sper- 
mopJiorella  in  Proc.  Linn,  Soc,  N.S.W,  1916.  The  eggs  are 
stalked  and  very  like  those  of  Chrysopa.  The  larva  is  terrestrial 
with  short,  straight  jaws. 

References  to  the  Berothidce  may  be  found  under  Hemero- 
biidce.  Tillyard  gives  a  short  account  of  the  venation,  scales, 
etc.,  in  Proc,  Linn,  Soc.  N,S,W.  1918-1919,  and  Kruger  a 
classification  in  Siett  Ent.  Ztg.y  1922. 

Chrysopidje. 

Green  lace-wings,  Stink-flies,  Golden  eyes. 

Colour  generally  green.  Antennae  filiform,  long.  Wings 
hyaline,  subcosta  and  radius  separate  to  the  apex,  subcostal 
area  with  one  transverse  veinlet  near  the  base,  and  several 
at  apex  near  pterostigma.   No  recurrent  humeral  vein. 

Distribution  of  the  family  is  both  temperate  and  tropical. 
The  flies  are  generally  greenish  in  colour,  with  golden  eyes 
(Plate  III,  Pig.  6).  The  antennae  are  long  and  the  wings 
delicate,  transparent,  with  many  cross  veins.  Both  pairs  are 
almost  equal  in  size.  When  handled  these  insects  frequently 
give  off  a  very  disagreeable  odour,  from  prothoracic  glands, 
which  it  is  difficult  to  get  rid  of.  They  are  mainly  nocturnal 
in  habits  and  are  attracted  by  light. 

A  pair  of  long  filiform  antennse  and  large  compound  eyes, 
generally  of  metallic  golden  colour  in  life,  are  the  main  features 
of  the  head,  which  is  also  provided  with  biting  mouth-parts. 
The  prothorax  is  rather  long.   The  wings  are  delicate  and  net- 
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veined,  most  frequently  hyaline  and  not  marked.  Both 
pairs  are  almost  equal  in  size.  The  main  venational  char- 
acters have  heen  mentioned.  The  legs  are  short  and  frail. 
Abdomen  elongate.  The  sexes  are  often  difficult  to  deter- 
mine except  by  dissection,  as  the  genitalia  are  frequently 
concealed. 

The  larva  (Plate  III,  Fig.  7)  is  as  a  rule  stouter  than  that  of 
Hemerobius,  and  some  larvae  are  covered  with  setigerous  warts. 
Between  the  two  tarsal  claws  is  a  trumpet-shaped  empodium 
which  is  not  found  in  full  and  half-grown  Hemerobiid 
larvse.  The  sucking  jaws  are  of  the  general  type,  curved  and 
untoothed. 

Internal  anatomy  presents  no  great  differences  from  that 
of  other  Ne%Lroptera.  There  is  a  food  reservoir  to  the  oesophagus 
in  the  imago.  The  larva  has  no  functional  anus,  but  uses  the 
same  as  a  spinneret  in  constructing  its  cocoon. 

Eggs  are  laid,  each  at  the  end  of  a  long  footstalk,  attached 
to  the  underside  of  leaves,  etc.,  where  aphids  are  abundant. 
These  eggs  may  be  found  singly  or  in  masses,  and  in  some 
species  the  footstalks  are  so  close  together  as  to  be  agglutinated 
into  a  common  stalk.  The  larva  escapes  by  a  rent  in  the  egg- 
shell, and  if  any  unhatched  eggs  are  present,  makes  its  first 
meal  off  these.  The  larva)  are  fiercely  carnivorous,  piercing 
their  prey  with  their  sucking  jaws  and  extracting  the  juices. 
They  feed  mainly  on  Aphids,  Psyllids,  and  Jassids,  but 
many  subBist  also  on  Coccids  and  mites.  Chrysopid  larvae 
frequently  have  the  habit  of  covering  themselves  with  Aphid 
skins  and  other  debris,  which  they  carry  about  with  them,  but 
some  larvai  are  always  nude,  like  those  of  Hemerobiids.  At 
the  end  of  the  third  instar  the  larva  spins  a  small  white  oval 
cocoon  in  which  to  pupate.  The  pupa,  when  escaping  from 
its  cocoon,  cuts  a  circular  slit  at  one  end  with  its  pupal  man- 
dibles and,  pushing  open  the  lid  thus  formed,  walks  a  short 
distance  before  the  imago  is  disclosed. 

The  number  of  broods  each  year  varies  with  the  temperature. 
In  England,  Chrysopids  are  single,  or  at  most  double-brooded, 
but  in  warmer  climates  four  or  five  broods  seem  to  be  the  rule. 
The  species  hibernate  in  all  stages,  except  perhaps  in  the  eggs. 
Usually  the  winter  is  passed  as  a  larva  within  the  cocoon, 
pupation  not  occurring  until  the  following  spring.  Lace-wings 
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are  found  mainly  in  orchards  and  woods,  but  the  larvse  of  some 
species  live  on  low  plants. 

As  checks,  one  finds  several  Hymenopterous  parasites  which 
lay  their  eggs  either  in  the  eggs  or  larvse  of  Chrysopids.  Numbers 
of  the  flies  are  often  seen  in  spiders'  webs,  and  a  few  may  be 
eaten  by  birds,  but  they  are  probably  distasteful  owing  to  their 
disgusting  smell. 

Very  little  systematic  work  of  a  comprehensive  nature  has 
been  done  recently  on  the  Chrysopidce.  Schneider  mono- 
graphed the  family  in  1851.  Since  then,  Navas  has  published 
notes  on  various  species  and  he  gives  a  table  of  genera  and 
species  in  Broteria  9. 

The  best  British  work  is  still  that  of  MacLachlan  (1868), 
There  are  thirteen  species  of  Chrysopa  and  two  of  Nothochrysa 
found  in  Britain. 

The  family  is  of  considerable  economic  importance,  since 
the  larvae  prey  entirely  upon  Aphids,  Coccids,  etc. 

APOCHRYSIDiE. 

Very  like  Chrysopidae,  but  there  is  no  transverse  veinlet 
near  the  base  of  the  subcostal  area. 

The  Apochrysidce  are  exotic  forms  about  which  very  little 
appears  to  be  known.  In  life-history,  as  also  in  general 
appearance,  they  probably  approach  the  Chrysopids,  with 
which  they  have  been  classed  by  most  authors. 

The  antennae  are  sometimes  exceedingly  long.  The  wings 
are  very  like  those  of  Chrysopids,  but  there  is  a  tendency  to 
reduction  in  the  width  of  the  hind- wings.  There  are  three  or 
even  four  gradate  series,  and  often  curious  blisters  "  occur 
upon  the  wings.  References  to  this  family  will  be  found  under 
Chrysopidce, 

MANTIS'l^IDiE. 

Prothorax  long,  fore-legs  raptorial. 

This  family  is  distributed  throughout  the  tropics,  but  a  few 
species  are  found  in  warm  temperate  regions.  Mantispids 
(Plate  IV,  Fig.  7)  might  easily  be  mistaken  for  Mantids,  to 
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which  they  bear  a  considerable  resemblance.  All  are,  how- 
ever, of  small  size ;  the  wings  are  typically  Neuropterous  and 
are  roofed  over  the  body.  The  fore- wings  are  in  no  way  thick- 
ened as  tegmina.  General  colour  is  brown,  but  some  have 
warning  coloration  and  mimic  Hymenoptera, 

The  head  is  rounded,  with  compound  eyes  and  a  pair  of  short 
antennse,  which  are  simple.  Mouth-parts  are  of  mandibulate 
type.  The  prothorax  is  much  elongated  and  the  raptorial 
fore-legs  are  situated  near  the  head.  These  legs  are  very 
similar  to  those  of  the  Mantidce.  The  coxse  are  long,  the  femur 
is  thickened  and  spiny.  The  tibia  folds  like  a  clasp-knife  on 
to  these  spines  and  thus  constitutes  an  admirable  organ  of 
prehension.  The  tarsus  is  q[uite  smaR.  Meso-  and  meta- 
thorax  are  both  short  and  bear  ordinary  walking  legs.  The 
two  pairs  of  wings  are  membranous,  often  transparent,  with 
netted  veins,  and  are  almost  equal  in  size. 

The  larva  is  at  first  campodeiform,  but  later  becomes  a  fat 
grub  with  reduced  legs.  The  mouth-parts  are  short  but  sharp 
and  adapted  for  piercing. 

The  female  insect  lays  its  eggs  in  a  similar  way  to  Chrysopa, 
each  egg  being  borne  on  a  slender  footstalk. 

On  hatching  in  autumn  the  larvae  are  active  and  somewhat 
like  Carabid  larvae,  but  of  course  with  totally  different  jaws. 
They  moult  once  and  then  hibernate  without  having  taken 
food.  In  spring,  activity  is  resumed  and  each  larva  searches 
out  the  egg-cocoon  of  a  spider  (Lycosa).  This  is  entered  by 
the  larva  and  when  the  spider's  eggs  have  reached  a  certain 
stage  in  development,  the  young  Mantispa  commences  feeding 
on  them.  The  next  moult  reveals  an  almost  legless  grub, 
which  has  a  small  head  and  which  is  quite  incapable  of  loco- 
motion. In  a  few  days  it  is  full  fed  and  spins  a  cocoon  inside 
that  of  the  spider.  The  pupa  does  not  cast  the  larva  skin,  but 
remains  inside  it.  Finally  the  pupa  tears  its  way  out  from  all 
its  envelopes  and  emerges  from  the  spider's  egg-bag.  On 
reaching  a  suitable  support  the  imago  appears.  It  should  be 
noted  that  only  one  Mantissa  larva  lives  in  a  single  egg-bag, 
and  also  that  the  Lycosa,  who  personally  guards  her  eggs,  does 
not  desert  them  until  the  Mantissa  has  pupated. 

Above  is  the  account  given  by  Brauer  of  the  European 
species ;  some  tropical  forms,  however,  parasitize  the  nests  of 
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Hymenoptera,  one  South  American  species  living  in  the  nest 
of  a  wasp. 

Enderlein  gives  a  classification  of  the  Mantispidce  in  Stett, 
Ent.  Ztg.  1910.  Brauer  wrote  on  Mantispa  in  Verh.  ZooL  BoL 
Ges.  Wien.  1869,  and  in  ZooL  Anz.  1887,  besides  various  other 
accounts. 

In  Britain  we  have  no  Mantispids. 

Nymphidje. 

Wings  and  general  appearance  very  like  Myrmeleonidae, 
but  antennae  filiform  and  not  clubbed. 

The  Nymphidce  are  entirely  confined  to  Australia.  At  first 
sight  one  would  certainly  consider  one  of  these  insects  to  belong 
to  the  Myrmeleonidce,  the  likeness  being  very  striking  (Plate 
IV,  Fig.  1),  but  the  antennae  are  simple  and  not  clubbed,  and 
they  are  also  usually  slightly  longer  than  those  of  the 
Myrmeleonids. 

The  head  is  large  and  distinct  with  biting  mouth-parts  and 
fairly  long  maxillary  and  labial  palpi.  The  antennae  are  fili- 
form, nearly  half  as  long  as  the  wings  and  tapering  at  their 
apices.  There  are  no  ocelli.  The  prothorax  is  slightly  longer 
than  broad.  Legs  are  well  developed,  with  two  tarsal  claws 
and  bilobed  empodium.  The  wings  are  ample  with  a  venation 
very  similar  to  that  of  the  Myrmeleonidce.  The  costal  veinlets 
in  the  region  of  the  pterostigma  are  very  close  together  and 
extend  thus  from  the  pterostigma  round  the  apex  of  wing, 
giving  a  characteristic  appearance.  The  same  formation 
occurs  in  Myrmeleonidce,  but  usually  less  noticeably.  The 
abdomen  is  slender.  The  external  genitalia  of  the  male  are  quite 
conspicuous,  but  the  claspers  are  not  long  and  slender  as  in  the 
Myrmeleonidce, 

The  larvse  of  Nymphes  myrmeleonides  live  in  rubbish  or  on 
overturned  logs.  The  body  is  covered  with  particles  of  earth, 
so  that  only  the  front  of  the  head  and  jaws  are  exposed.  They 
rest  motionless,  but  can  move  quite  rapidly  when  disturbed. 
From  the  situations  in  which  they  occur,  their  food  probably 
consists  of  wood  ants.  When  full  fed  the  larva  is  two-thirds 
of  an  inch  long.    The  head  is  furnished  with  long  curved  jaws, 


NEUROPTERA 


309 


each  with  a  single  tooth  on  its  inner  margin,  about  half-way 
from  the  tip.  The  eyes  are  composed  of  six  facets  and  project 
near  the  base  of  the  jaws.  The  hind  margin  of  the  head  has 
two  rounded  lobes.  The  antennae  are  filiform,  with  a  short 
basal  joint.  The  head  is  connected  to  the  thorax  by  a  slender 
neck  and  the  prothorax  is  produced  into  two  lobes  projecting 
on  either  side  of  the  head.  These  lobes,  together  with  the  rest 
of  the  thorax,  form  a  shield-shaped  plate.  Legs  are  long, 
slender,  and  hairy,  with  large  claws.  The  abdomen  is  narrow 
at  the  base,  elongate  oval,  with  a  short  pointed  tubercle  stand- 
ing out  in  the  centre  of  each  segment.  The  entire  abdomen 
is  coated  with  hairs  and  fringed  at  the  sides  with  longer  hairs. 

A  round  parchment-like  cocoon  is  spun  for  pupation. 

There  is  no  recent  work  on  the  Nymphidce  except  descrip- 
tions of  species.  The  account  of  the  larva  given  above  is  from 
Froggatt,  Proc.  Linn,  Soc,  N,S.W.  1902. 

Nemopteeid^. 

Hind -wings  very  long  and  narrow.  Antennae  elongate, 
not  clubbed. 

In  tropical  and  sub-tropical  countries  these  elegant  insects 
may  be  seen  at  dusk,  dancing  in  small  groups,  in  secluded  and 
sheltered  spots,  much  in  the  same  way  as  do  the  familiar 

winter  gnats"  and  some  Tipulids  in  this  country.  The 
wings  may  be  colourless  or  marked  with  yellow  and  black. 
The  fore- wings  (Plate  IV,  Fig.  3),  which  are  broad,  are  used  in 
flight,  the  long  hind-wings  being  trailed.  When  at  rest  the 
wings  are  opposed  to  one  another,  as  in  the  case  of  butterjQlies. 

The  head  bears  antennse  which,  though  they  may  be  thickened 
in  some  cases,  are  not  clubbed.  Mouth-parts  are  in  the  form 
of  a  beak,  the  clypeus  and  gense  being  elongated.  The  legs 
are  short  and  frail.  Fore-wings  are  of  typical  Neuropterous 
pattern  and  very  broad,  but  the  hind-wings  have  the  venation 
reduced  and  are  long  and  narrow.  In  Nemoptera  the  hind-wings 
are  oar-shaped,  but  in  Croce  they  are  reduced  to  slender 
filaments.  The  sexes  may  be  distinguished  by  the  external 
claspers  of  the  male. 

The  larvae  vary  greatly.   In  the  Crocini,  the  larva  has  a 
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more  or  less  long  and  narrow  "  neck  "  and  toothed  (Croce)  or 
untoothed  (Nina  and  Ptero-croce)  mandibles.  The  larva  of 
Nemopiera  has  short  stout  jaws  and  no  long  neck  [to  be  des- 
cribed shortly  (0.  L.  W.)].  The  larva  of  Ptero-croce  is  figured 
(Plate  IV,  Fig.  4). 

The  life-history  in  the  Crocini  takes  from  one  to  two  years. 
Eggs  are  laid  in  the  sand  of  caves,  or  in  the  dust  and  rubbish 
on  the  floors  of  deserted  houses  or  sheds.  These  eggs  are  -5  to 
1  mm.  in  diameter,  spherical  or  oval,  and  pale  yellow  or  green- 
ish in  colour.  They  are  deposited  in  loose  clusters  to  which 
the  dust  adheres.  In  from  eight  to  twelve  days  the  larva 
hatches  and  can  at  once  be  identified  by  the  long  narrow  neck. 
C.  C.  Ghosh  states  that  in  Grace  filipennis  there  are  only  two 
larval  instars.  If  this  is  correct,  Nemopterids  differ  in  this 
respect  from  all  other  Neuroptera.  The  larvae  can  run  rapidly, 
but  generally  conceal  themselves  in  the  dust  and  await  their 
prey.  In  cave-living  species  this  consists  mainly  of  ticks  from 
sheep  and  goats,  also  Dermestid  larvae,  etc.,  feeding  upon  bat 
droppings,  but  in  such  forms  as  Croce,  which  live  in  houses,  the 
food  is  normally  Psocids,  bed-bugs,  Dermestid  larvae,  Lepisma, 
etc.  Pupation  takes  place  in  a  silken  cocoon,  spun  in  the 
usual  way.  After  about  three  weeks  the  pupa  forces  its  way 
out  and  the  imago  is  disclosed.  As  has  been  stated  before,  the 
adult  is  crepuscular  in  habits,  but  it  is  attracted  by  light,  and 
sometimes  finds  its  way  into  houses  at  night.  Winter  is  passed 
as  a  larva. 

Navas  gives  the  genera  of  the  Nemopteridce,  and  lists  the 
species  in  Gen.  Ins.  136,  1912.  The  same  author  has  a  mono- 
graph in  Mem.  Ac.  Bare.  1910.  The  life-history  of  Croce  was 
given  by  Ghosh  in  Journ.  Bombay  Nat.  Hist.  Soc.  1910,  and  by 
Imms,  with  greater  detail,  in  Trans.  Linn.  Soc.  Land.  1911. 

None  of  the  Nemopteridce  are  found  in  the  British  Isles. 

MYEMELEONIDiE. 

Ant-lions. 

Antennse  short  and  clubbed,  wings  net -veined. 

The  distribution  of  these  insects  is  mainly  tropical,  but  a 
few  species  are  found  in  temperate  regions.   They  are  of 
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Platk  IV.  Neuroptera. 
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moderate  or  large  size,  dark  in  body  colour,  with  ample  gauzy 
wings  somewhat  resembling  dragonflies  (Plate  IV,  Fig.  5). 
None  are  very  active,  however,  and  their  flight  is  weak.  When 
at  rest  the  wings  are  sloped  over  the  body.  Some  species, 
when  handled,  give  out  an  odour  which  may  be  pleasant  or 
otherwise. 

The  head  is  large  and  distinct  with  compound  eyes.  Antennae 
are  fairly  short  and  clubbed  distally.  Mouth-part&  are  of 
biting  type  with  long  palpi.  Two  pairs  of  equal  wings  are 
present,  of  complex  Neuropterous  form.  The  legs  are  short 
and  hairy,  only  useful  for  clinging.  At  the  extremity  of  the 
abdomen  in  the  male  are  a  pair  of  conspicuous  claspers  which 
render  sex  determination  easy,  since  the  female  possesses  no 
similar  structures. 

The  larva  (Plate  IV,  Fig.  6)  is  short  and  stout  with  a  flat 
head  from  which  arise  the  long  curved  jaws,  formed,  as  has 
been  explained,  by  the  mandibles  and  maxillae  conjointly. 
The  mandibles  are  toothed.  The  legs  are  not  very  well  fitted 
for  walking  and  often  the  larva  can  only  progress  backwards. 

There  is  a  food  reservoir  from  the  oesophagus  and  the  number 
of  Malpighian  tubes  is,  as  usual,  eight.  The  anatomy  of  the 
larva  has  been  the  subject  of  much  discussion  and  classical 
work,  there  being  no  functional  anus.  Six  of  the  eight  Mal- 
pighian tubes  have  their  distal  ends  united  and  are  partly 
modified  as  silk  glands.    The  anus  serves  as  a  spinneret. 

In  most  species  the  life  cycle  is  completed  yearly,  but  it 
may  take  two  years  in  some  cases,  according  to  the  amount 
of  food  obtained.  Eggs,  which  are  oval  and  whitish,  are  laid 
in  dry  earth  or  sand,  generally  singly.  The  site  chosen  by 
pit-making  species  is  always  protected  from  rain,  since  the 
larva  cannot  work  in  wet  sand.  Favourite  positions  are  at  the 
base  of  a  house  wall  or  under  a  slightly  overhanging  rock.  The 
larva  makes  a  funnel-shaped  pit,  at  the  bottom  of  which  it  lies 
concealed.  Any  insect  venturing  over  the  edge  of  this  falls 
down  to  the  jaws  of  the  larva  and  is  sucked  dry.  Some  species 
do  not  construct  a  pit  but  lurk  in  loose  earth  or  vegetation 
with  open  jaws.  There  are  three  larval  instars.  When  full 
fed  a  spherical  cocoon  of  silk  is  spun,  to  which  adhere  small 
particles  of  sand  and  rubbish.  In  this,  the  change  to  pupa 
takes  place,  and  in  two  or  three  weeks  the  imago  appears.  ThQ 
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pupa  forces  open  its  cocoon  and  partly  emerges  from  it  before 
disclosing  the  adult  fly.  Shortly  after  emergence  a  shiny  pellet 
of  urates  is  deposited,  this  being  the  unevacuated  larval 
excrement.    Hibernation  is  as  a  larva. 

Adults  are  preyed  upon  by  birds,  but  in  some  cases  no 
doubt  escape  by  emitting  a  nauseous  odour. 

A  monograph  of  the  Myrmeleonidce  is  at  present  in  course 
of  preparation  for  the  Selysian  Catalogue,  by  Petersen.  There 
are  useful  notes  on  the  European  Myrmeleonidce  by  the  same 
author  in  Ent  Medd.  1918-1919. 

There  are  no  British  Myrmeleonids.  The  family  is  of  no 
economic  importance. 

AsCALAPHIDiE. 

Butterfly  hawks. 

Antennae  long  and  clubbed. 

This  family  is  mainly  a  tropical  one,  but  has  almost  the  same 
range  as  the  last.  The  long,  clubbed  antennae,  held  straight 
out  from  the  head,  are  very  characteristic  of  the  Ascalaphidce. 
Otherwise  these  insects  bear  resemblance  to  stout-bodied 
dragonflies  (Plate  IV,  Fig.  2),  and,  like  them,  hunt  insects  on 
the  wing.  There  are  two  pairs  of  conspicuously  net- veined 
wings,  equal  in  size,  which  may  be  marked  in  white,  yellow, 
and  black.    When  at  rest  these  are  held  close  to  the  body. 

The  head  is  furnished  with  large  compound  eyes  which  are 
in  some  cases  divided.  The  antennae  are  long  and  slender,  each 
with  a  conspicuous  terminal  knob  bearing  sense  organs.  Mouth- 
parts  are  of  carnivorous  biting  type  with  well-developed 
mandibles.  The  body  is  decidedly  hairy  with  short  clinging 
legs  and  two  pairs  of  equal  strong-veined  wings.  In  the 
male  there  is  a  pair  of  claspers  at  the  tip  of  the  abdomen  and 
this  character  serves  to  distinguish  the  sexes. 

The  larva  is  very  like  that  of  the  ant-hon,  but  it  is  able  to 
walk  more  easily  as  the  legs  are  freely  movable.  The  body 
is  covered  with  branched  spines.  Structural  details  are 
similar  to  those  of  ant-hons,  the  head  bearing  similar  sucking 
jaws  and  minute  antennae. 
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The  internal  anatomy  does  not  differ  materially  from  that 
of  other  Neuroptera, 

The  female  insect  lays  eggs  in  rows  on  grass  and  plant  stems. 
These  are  cylindrical  or  spheroidal,  and  coloured  yellow  or 
brown.  The  larva  escapes  by  forcing  a  lid  off  the  top  of  the 
egg,  a  split  occurring  along  the  line  of  a  suture.  At  first  the 
larvse  remain  on  the  empty  eggshells,  but  later  disperse  and 
live  freely  on  tree  trunks  or  on  the  ground,  partly  concealing 
themselves,  when  possible,  and  remaining  motionless,  often 
for  days,  with  jaws  wide  open  at  right  angles  to  the  head.  Any 
insect  crossing  this  trap  is  immediately  seized,  the  larva 
suffering  itself  to  be  dragged  about  rather  than  relinquish  its 
hold ;  finally  aU  fluid  nutriment  is  extracted  from  the  victim. 
After  two  moults  the  larva  spins  a  cocoon  of  silk,  which  is 
covered  with  local  debris  and,  within  this,  it  pupates.  The 
pupa,  after  some  weeks,  forces  open  the  cocoon  and  the  perfect 
fly  emerges.  Pupation  takes  place  in  spring  or  early  summer, 
the  larva  having  hibernated.  The  entire  life-history  occupies 
one  or  two  years. 

Van  der  Weele  has  monographed  the  Ascalaphidce  in  Golh 
Zool.  SelySy  1908. 

There  are  no  British  species.  The  family  is  of  no  econonaic 
importance. 


TRICHOPTERA.  Caddis-flies 


Wings  clothed  with  hairs.  Hind -wings  larger  than  fore- 
wings,  and  with  a  distinct  anal  area,  folded  longitudinally 
when  at  rest.    Mandibles  absent. 

The  order  is  divided  into  two  main  groups  and  thirteen 
families. 

(1)  Incequipalpia,  in  which  the  male  does  not  agree  with  the 
female  in  having  a  five-jointed  maxillary  palpus.  This  com- 
prises three  families:  Phryganceidce,  Limnophilidce,  Seri- 
costomatidce. 

(2)  Aequipalpia^  in  which  both  sexes  have  a  five-jointed 
maxillary  palpus.  This  comprises  ten  families :  C alamo- 
cemtidce,  Odontoceridce,  Leptoceridce,  Molannidce,  Hydropsy- 
chidce,  Psychomyiidce,  Polycentropidce,  Philopotamidce,  Rhyaco- 
philidoe,  Hydroptilidce. 

Members  of  the  Triohoptera  are  found  in  most  parts  of  the 
world  in  the  vicinity  of  water.  They  are  fragile  insects,  like 
hairy  moths  (Fig.  92),  some  of  the  smaller  species  being 


Fig.  92. — Phryganea  varia.    (X  2.) 
C.  L.  W.  del. 


difficult  to  distinguish  from  Tineid  moths.  The  wings  are 
sloped  over  the  body  when  at  rest.  Flight  is  weak ;  colours 
dull. 

The  head  is  fairly  large,  with  compound  eyes  and  usually 
three  ocelli.  Antennae  are  long  and  filiform.  The  mouth-parts 
are  reduced.  Mandibles  are  absent.  The  maxillae  and  labium 
together  form  the  haustellum of  Lucas,  the  labrum  roofing 
the  channel.  The  hypopharynx  serves  as  a  tongue.  Both 
maxillary  and  labial  palpi  are  present.  The  prothorax  is  very 
small.  Legs  are  long,  with  elongated  coxae,  spiny  tibiae  and 
tarsi;,  the  teirsus  being  five-jointed.    Wings  are  large,  the  fore* 
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wings  being  narrower  and  often  marked  with  a  pattern.  The 
venation  consists  mainly  of  longitudinal  veins,  cross-veins 
being  few.  Hind-wings  are  nearly  always  large  with  a  plicate 
anal  area.  The  abdomen  is  of  nine  segments.  The  male  has 
claspers. 

The  larva  (Fig.  93)  is  soft-bodied  with  a  well-chitinized  head 
and  thorax ;  the  hind  parts  of  the  thorax  are,  however,  often 
less  strongly  chitinized.  The  mouth-parts  are  of  biting  type 
with  well-developed  mandibles.  Maxillse,  and  labium  with 
palpi,  are  also  present,  but  vary  in  the  extent  to  which  they 


are  developed.  The  thorax  has  three  pairs  of  well-developed 
walking  legs,  but  one  pair  of  these  may  be  reduced.  The 
abdomen  is  soft  with  filamentous  tracheal  gills.  At  its 
extremity  are  a  pair  of  laterally  placed  chitinous  hooks,  which 
enable  the  larva  to  retain  a  firm  hold  on  the  inside  silk-lined 
wall  of  its  case. 

The  pupa,  as  well  as  the  larva,  possesses  mandibles,  but 
these  disappear  in  the  adult. 

In  the  larva,  the  salivary  glands  function  wholly  or  partly 
as  silk  glands. 

Eggs  are  laid  embedded  in  masses  of  jelly.  The  mass  may 
take  the  form  of  a  gelatinous  rope.    On  hatching,  the  larva 


Fig.  93. — Larva  of  Phryganea  varia.    (X  2.) 


C.  L.  W.  del. 
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at  once  sets  to  work  to  protect  its  soft  body  by  constructing 
a  case.  To  this  end  various  materials  are  taken  by  the  larva 
and  by  means  of  silk  from  the  mouth  are  fastened  together 
into  a  case.  The  larva  may  be  sedentary,  actively  walking  or 
swimming,  herbivorous  or  carnivorous.  Often  the  species 
may  be  recognized  by  the  form  of  its  case. 

In  the  Phryganceidce  the  case  is  made  of  pieces  of  leaves  or 
stems  placed  side  by  side  more  or  less  spirally  round  the 
case. 

The  Limnophilid(e  (Fig.  94)  may  use  sticks  placed  trans- 
versely on  the  case,  and  often  have  a  partiality  for  the  shells 
of  small  molluscs,  so  that  the  case  may  be  composed  wholly 
or  partly  of  these.  Others  again  make  cases  of  sand  ;  one, 
Limnophilus  vittatus,  constructmg  a  curved  cylindrical  tube 
of  fine  sand  grains.  One  genus,  Enoicyla,  lives  on  land  among 
moss.    It  may  also  be  mentioned  here  that  in  this  genus  the 

female  is  wingless.  In 
another  genus  of  Limno- 
philids,  namely  Apatania,  no 
male  has  as  yet  been  found. 

The  Sericob'toniatidai  make 
cylindrical    cases   of  small 
stones  or  sand.    They  live 
Fig.  94.— Larva  of  LimnophUus  sp.  in   almost  entirely  in  running 
case.  (X  2.)  water.    Helicopsyche  makes 

a  spiral  case  of  sand  of  the 
same  shape  as  a  snail's  shell  {Helix). 

In  Leptoceridce  the  case  is  of  fine  sand  or  leaf  particles, 
curved,  and  cylindrical  or  tapering.  A  similar  case  is  made 
by  the  Odontoceridce.  Many  of  the  Lepioceridce  swim  with 
their  legs  projecting  out  of  the  case. 

Molanna  constructs  a  very  characteristic  tube  of  sand 
with  lateral  projections  so  that  the  whole  is  shield-shaped. 

The  case  of  Hydropsychids  is  a  very  loose  structure  of 
stones  or  sand  attached  to  stones,  etc.  Sometimes  the  larvaj 
are  gregarious  and  live  several  in  one  habitation.  Many  make 
silk  nets  to  ensnare  other  insects,  and  are  carnivorous. 

Polycentropus  lives  in  rapid  streams  and  is  covered  in 
debris.  The  larva  is  without  gills,  but  in  the  pupa  gills  are 
present. 
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The  Rhyacophilidce  live  in  very  rapid  streams  and  make 
loose  cases  of  small  stones,  generally  attached  to  some  support. 
The  pupa  lies  in  a  brown  cocoon  within  the  case  and  not,  as 
in  the  other  families,  free  in  the  case. 

The  Hydroptilidm  are  small  species  resembling  Tineid  moths, 
with  fringed  wings.  The  larvae  have  no  respiratory  filaments 
and  construct  cases  of  silk  slit  open  at  both  ends,  upon  which 
small  foreign  bodies  are  placed.  The  whole  case  is  compact 
and  rather  oval  in  shape.  When  about  to  pupate  the  case  is 
fixed  by  silk  threads  to  a  support. 

The  pupa  of  all  caddis-flies  is  a  pupa  libera.  When  about  to 
emerge  it  cuts  through  the  case  with  its  pupal  mandibles  and 
then  swims,  using  its  legs,  to  a  plant  stem  up  which  it  climbs. 
On  gaining  the  surface  the  imago  is  disclosed. 

There  is  one  brood  per  annum.    Winter  is  passed  as  a  larva. 

Many  specialized  Hymenopterous  parasites  attack  both 
eggs  and  larvae  of  caddis-flies.  Carnivorous  insects  and  fishes 
relish  the  larvae. 

The  order  has  been  monographed  by  Ulmer  in  Gen,  Ins. 
Fasc.  60  (1907).  For  references  to  larval  habits  MacLachlan 
(1874-80),  Ulmer  (1908-1914),  Dohler  (1920)  and  Rousseau 
(1921)  should  be  consulted. 

We  have  about  two  hundred  British  species  of  Trichoptem. 
These  have  been  described  at  various  times  by  MacLachlan 
and  Morton.  For  a  concise  account  of  the  European  species 
see  Die  Silss-wasserfauna  Deutschlands,  1909. 

Theobald  (Rep.  1894  and  Rep.  1906-6)  has  recorded  the 
larva  of  Limnophilus  flavicomis  F.,  as  a  pest  in  watercress  beds 
in  England. 


MECOPTERA.  Scorpion-flies 


Head  drawn  downwards  into  a  beak  with  extended  clypeus 
and  gense. 

The  order  will  be  treated  in  the  present  account  as  a  whole. 
Five  families  are  recognized  :  Bittacidce,  Boreidce,  Panorpidoe, 
Notiothaumidce,  and  Meropidce. 

These  insects  are  found  in  all  parts  of  the  world.  They  may 
be  at  once  recognized  by  the  beak,  at  the  end  of  which  are  the 
mouth-parts.  The  legs  are  long,  adapted  for  clinging  or 
running.  Coloration  brown,  the  wings  being  marked  with 
black  as  a  rule,  but  some  tropical  species  tend  to  warning 
coloration.  A  malodorous  liquid  may  be  secreted  fro;ai  the 
tip  of  the  abdomen.  Bittacus  (Plate  II,  Fig.  5)  resembles  a 
Tlpulid  fly,  lioreus  (Plate  II,  Fig.  3)  is  wingless.  The  male 
sex  is  furnished  with  distinct  genitalia,  and  in  Panorpidce  the 
last  three  segments  of  the  body  form  a  scorpion-like  tail.  The 
female  (Plate  II,  Fig.  1)  is  provided  with  an  ovipositor. 

The  head  is  of  very  distinct  shape,  owing  to  the  curious 
beak,  but  in  some  genera  this  is  short  and  not  conspicuous. 
AntennsD  are  long  and  slender,  compound  eyes  and  ocelli  are 
present  (no  ocelli  in  Boreus).  The  clypeus,  gena),  and  sub- 
mentum  are  elongated  to  form  the  beak.  The  mouth-parts 
at  the  end  of  this  beak  are  mandibulate  and  toothed,  but  in 
Bittacus  the  mandibles  are  more  adapted  for  piercing  than  for 
biting.  Maxillae  are  long  and  hairy  with  a  five-jointed  palpus. 
The  labium  and  its  palpi  are  reduced.  The  prothorax  is  short. 
Legs  are  long,  with  two  tarsal  claws,  adapted  for  walking, 
clinging  or  hanging.  There  are  two  pairs  of  equal,  membranous, 
many- veined  wings  which  are  commonly  marked  with  dark 
blotches  (Plate  II,  Fig.  1).  Usually  the  venation  is  fairly 
open  with  a  preponderance  of  longitudinal  veins  as  in  Panorpa, 
but  in  Chorista  there  are  considerably  more  cross  veins  and  the 
wings  of  Notiothauma  are  densely  reticulate.  In  Boreus  (Plate 
II,  Fig.  3)  the  wings  are  reduced  to  mere  rudiments.  The 
abdomen  is  composed  of  ten  segments.   The  female  has  an 
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ovipositor,  the  male,  upturned  swollen  claspers.  There  are 
two  thoracic  and  eight  abdominal  spiracles. 

The  alimentary  canal  is  simple.  There  is  a  distinct  proven- 
fcricnlus  or  gizzard,  lined  with  chitinons  setae.  Six  Malpighian 
tubes  are  present ;  salivary  glands  are  small. 

The  larvae  (Plate  II,  Figs.  2,  3)  resemble  those  of  Lepidoptera, 
They  have  large  heads  with  simple  eyes  and  short  antennae. 
Mandibles,  maxillae  with  palpi,  and  labium  with  labial  palpi  are 
present.  There  are  three  pairs  of  small  thoracic  legs  and  the 
first  eight  abdominal  segments  carry  each  a  pair  of  simple 
prolegs.  The  back  is  covered  with  spines.  The  larva  of 
Boreus  (Plate  II,  Eig.  4)  differs  from  that  of  other  Mecoptera 
in  having  no  abdominal  prolegs,  except  perhaps  in  the  first 
instar,  and  in  the  absence  of  spines  on  the  back. 

The  life-history  of  Panorpa  is  as  follows  :  Eggs,  which  are 
relatively  large,  oval,  and  creamy  white  in  colour,  are  laid  in 
clusters  in  the  soil.  They  hatch  in  eight  days,  as  a  general 
rule.  The  larva  (Plate  II,  Fig.  2)  is  not  very  active,  but  can 
move  fairly  rapidly  in  the  U-shaped  burrow  which  it  makes 
just  under  the  surface  of  the  ground.  Its  food  consists  of 
animal  matter.  In  captivity  larvae  may  be  easily  reared  on 
meat  or  dead  flies.  After  seven  moults  the  larva  makes  a 
cell  in  the  earth  and  here  pupates.  The  imagines  are  found 
in  damp  shady  places  and  are  carnivorous,  but  probably  only 
attack  disabled  insects.  There  are  two  broods  in  the  year ; 
winter  is  passed  as  a  larva. 

Bittacus  (Plate  II,  Fig.  5)  has  a  similar  life-history,  but  the 
adult  preys  on  living  insects,  which  it  catches  in  its  long  legs. 

Boreus  (Plate  II.  Fig.  3)  appears  in  winter.  The  female 
lays  her  eggs  in  moss,  and  the  larvae  (Plate  II,  Fig.  4)  feed 
entirely  on  the  bases  of  the  moss  plants.  •  They  are  creamy 
white  in  colour  and  resemble  weevil  larvae,  but  for  the  presence 
of  six  thoracic  legs.  Spring  and  summer  are  passed  as  a  larva 
and  in  autumn  pupation  takes  place.  The  imagines  appear  in 
early  winter  and  also  feed  on  moss,  thus  making  an  exception 
to  the  rest  of  the  Mecoptera,  which  are  wholly  carnivorous. 

Boreus  has  at  least  one  Hymenopterous  parasite,  and 
birds  feed  on  the  larvae.  Panorpa  is  probably  to  a  certain 
extent  protected  by  its  formidable  appearance  and  nauseous 
secretion. 
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The  Mecoptera  have  been  monographed  by  Petersen  in  Coll, 
Zool.  Selys,  Fasc.  V,  1921. 

There  are  three  British  species  of  Panorjoa,  P.  communis, 
P.  germxinica  and  P.  cognata.  Boreus  hyernxxlis  is  also  found 
in  Britain  :  see  MacLachlan  (1868). 

No  economic  importance  can  be  attached  to  this  order. 


LEPIDOPTERA 


Two  pairs  of  wings,  large  and  nearly  equal  in  size,  with 
not  more  than  fifteen  nervures  and  four  cross -nervures  on 
each  ;  the  body  and  wings  densely  clothed  in  scales  ;  antennae 
of  varied  form,  but  usually  simple  and  prominent ;  mandibles 
absent,  except  in  Micropterygidae,  the  maxillae  formed  into 
a  long  tubular  proboscis,  which  is  coiled  up  when  not  in  use 
and  protected  by  the  labial  palps.  Metamorphosis  com- 
plete ;  the  larva  with  biting  mouth-parts  and  from  two  to 
five  pairs  of  sucker  feet ;  larva  herbivorous  as  a  rule,  living 
openly  on  the  food-plant ;  pupa  obtect,  with  or  without  a 
silken  cocoon. 

Lepidoptera  are  easily  recognizable  in  the  larval,  pupal  and 
imaginal  stages.  Although  the  size  and  colour  are  very 
variable,  the  structure  throughout  the  group  is  exceedmgly 
umform. 

The  eggs  are  of  three  main  types,  those  of  the  butterflies 
being  usually  upright  and  somewhat  barrel-shaped  (Fig.  105), 
those  of  the  large  moths  rounded  and  slightly  flattened  (Fig. 
117),  and  those  of  the  small  moths  flat  and  scale-like  (Fig.  133). 
These  distinctions  are  not,  however,  very  reliable,  as  many  of 
the  butterflies  have  eggs  which  more  closely  approach  the 
moth  type. 

The  larvae  of  Lepidoptera,  usually  termed  caterpillars,  are 
very  uniform.  The  head  is  distinct  and  thickly  chitinized. 
The  eyes  are  very  imperfect,  consisting  merely  of  up  to  six 
ocelU,  situated  on  each  side  of  the  lower  part  of  the  head. 
The  mandibles  are  the  most  important  feature  of  the  mouth- 
parts  ;  labium,  labrum  and  maxillae  are  present,  but  the  last 
named  are  very  small.  The  spinneret,  by  means  of  which 
the  silk  is  exuded,  is  prominently  placed  on  the  labium. 
Antennae  are  present,  but  are  very  inconspicuous.  Behind 
the  head  there  is  a  small  chitinized  plate,  and  minute  chitinized 
tubercles,  each  bearing  a  hair,  are  found  on  every  segment 
throughout  the  length  of  the  body.  The  body,  not  including 
the  head,  consists  of  thirteen  segments,  of  which  the  first 
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three,  the  thoracic  segments,  bear  the  true  legs.  The  remaining 
ten  segments  constitute  the  abdomen,  and  in  the  normal  larva 
a  pair  of  sucker-feet  is  present  on  each  segment  from  the  third 
to  the  sixth,  and  another  pair,  distinguished  as  anal  claspers, 
on  the  last. 

The  true  legs  and  the  sucker-feet  are  quite  different  structures, 
and  must  not  be  confused.  The  former  are  jointed,  and  give 
rise  to  the  legs  of  the  imago  :  they  are  always  six  in  number. 
The  sucker  feet,  however,  are  unjointed;  they  are  usually 
provided  with  hooks,  vary  in  number  and  disappear  during 


/       /  Lcib 

^  / 

Lah.P.  Sp. 

Fig.  95. — Head  of  Caterpillar  from  below. 

A  =  antenna.  E  =  simple  eyes.  L  =  labrum.  Md  =  mandible.  Mx  =  maxilla. 
MxP.  =  maxillary  palp.  Lab  =  labium.  Lap.P,  =  labial  palp.   Sp.  «  spinneret. 


metamorphosis.  There  are  nine  spiracles  on  each  side  of  the 
larva :  a  pair  on  the  first  thoracic  and  a  pair  on  each  of  the 
first  eight  abdominal  segments. 

The  internal  structure  of  the  larva  is  simple,  the  larger 
part  of  the  body  cavity  being  occupied  by  the  enormous 
stomach.  Three  sets  of  glands  open  into  the  mouth  :  the  two 
mandibular  glands,  which  open  one  at  the  base  of  each 
mandible ;  the  silk  glands,  of  which  the  ducts  fuse  and  open 
to  the  exterior  as  the  spinneret ;  and  the  glands  of  Fihppi, 
which  open  into  the  ducts  of  the  silk  glands.   The  nervous 
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system  is  simple,  consisting  of  a  frontal  ganglion,  supra-  and 
infra-oesophageal  ganglia,  and  a  ventral  chain  of  eleven  ganglia. 
External  sexual  organs  are  not  present  in  the  larva,  but 
rudimentary  testes  or  ovaries  are  found.  During  its  growth 
the  larva  usually  undergoes  jSLve  to  six  moults.  It  is  often  very 
difficult  to  distinguish  the  family  to  which  a  larva  belongs, 
but  the  following  characters  are  fairly  definite : 

Larvae  with  the  sucker  feet  absent  are  Limacodidce.  Larvae 
with  the  hooks  on  the  sucker  feet  arranged  in  a  circle,  are 


Fig.  9G. — Diagram  showing  arrangement  of  hooks  on  sucker  feet  of 
Lepidoptera. 
1.  Sphingid.   2.  Tortricid. 

Tortricidce,  Pyralidce  or  Tineidce.  Toriricidce  usually  have  the 
chitinized  plate  behind  the  head  in  the  form  of  a  bar. 

Case-bearing  larvae  are  Tineidce  or  Psychidce  ;  these  may  be 
distinguished  by  their  size  and  the  arrangement  of  hooks  on 
the  sucker  feet. 

Larvae  with  a  retractile  Y-shaped  process  on  the  thorax 
are  Pajpilionidce  (Fig.  104). 

Many  larvae  of  Nymphalidce  have  numerous  rows  of  spiny 
processes  on  the  body  (Fig.  108). 

Slug-like  caterpillars  with  short  dense  hair  are  Lyccenidce 
(Fig.  110). 

Smooth  caterpillars  with  a  distinct  neck  are  Hesperiidce 
(Fig.  111). 

Smooth  larvae  with  only  a  few  short  hairs  are  Pieridce  (Fig. 
106)  or  Noctuidce  (Fig.  114),  if  cryptically  coloured,  usually  the 
latter. 

Uniformly  hairy  larvae  are  Arctiidce  (Fig.  112)  or  Euptero- 
tidce. 

Hairy  larvae  with  upright  ''shaving-brush"  tufts  are 
Lymantriidde  (Pig.  118),  with  lateral  tufts  Lasiccampidce 
(Kg.  131). 
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Large  caterpillars  with  processes  bearing  hairs  are  SdturniidcB 
(Fig.  126). 

Large  caterpillars  with  the  anterior  segments  enlarged  and 
an  anal  process  are  Sphingidce  (Fig.  120). 

Larvse  with  the  sucker  feet  reduced  to  three  or  four  pairs 
(Semi-loopers)  are  Noctuidce  (Fig.  115). 

Larvse  with  the  sucker  feet  reduced  to  two  pairs  (Loopers) 
are  Geometridce  (Figs.  124,  125). 

The  pupa  is  usually  brown,  but  in  the  case  of  some  butterflies 
is  of  bright  metallic  colours.  It  is  frequently  enclosed  in  a 
cocoon,  which  is  of  silk,  with  or  without  the  incorporation  of 

surrounding  material.  The 
pupa  is  strongly  chitinized, 
as  resistance  to  unfavour- 
able weather  conditions  is 
of  the  first  importance,  the 
greater  part  of  the  year 
being  frequently  spent  in 
this  stage.  With  the  excep- 
tion of  some  of  the  abdo- 
minal segments,  the  pupa  is 
incapable  of  movement,  all 
the  appendages  being  firmly 
glued  down  to  the  body  (Fig. 
121).  At  the.  end  of  the 
body  there  is  usually  a 
curious  process  called  the 
cremaster.  This  is  often  pro- 
vided with  hooks  which  secure  the  pupa  in  the  cocoon,  or  to  a 
pad  of  silk  placed  on  the  foodplant. 

The  imagines  of  Lepidoptera,  like  the  larvse,  are  very 
uniform  in  structure.  The  most  noticeable  features  of  the 
head  are  the  large  compound  eyes,  the  antennse,  and  the 
labial  palps,  which  latter  conceal  the  coiled-up  proboscis, 
The  antennse  are  very  prominent,  except  in  the  Hepialidce, 
and  in  some  cases  are  of  very  complex  structure.  They 
frequently  differ  in  the  sexes.  The  most  important  features 
of  the  mouth-parts  are  the  maxillae,  forming  a  tubular  proboscis, 
and  the  labial  palps,  which  protect  the  proboscis  when  it  is 
not  in  use.     The  proboscis,  especially  in  the  Sphingidce,  is 


Fio.  97.— Head  of  Butterfly. 


=  antenna, 
palp. 


eye.  mp  =  maxillary 
•  proboscis. 
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often  very  large,  in  some  cases  attaining  a  length  of  ten  inches. 
The  other  mouth-parts  are  absent  or  very  small,  and  are 
unimportant.  In  the  thorax,  the  mesothorax  is  the  most 
important  division,  the  pro-  and  meta-thoraces  beiag  much 
reduced.  Each  segment  bears  a  pair  of  legs,  and  the  meso- 
and  meta-thorax  a  pair  of  wings.    The  legs  consist  normally 


Fig.  98. — Venation  of  Butterfly  named  after  Hampson. 
C  =  costal  shoulder. 


of  a  coxa,  a  trochanter,  a  femur,  and  a  five-jointed  tarsus ; 
but  in  some  families  of  the  Rhopalocera  the  fore-legs  are 
reduced.  The  wings  are  large,  and  in  most  cases  both  pairs 
are  functional  in  flight,  the  exception  being  some  members  of 
the  family  Papilionidce,  in  which  the  fore- wings  only  are  used, 
the  hind-wings  being  trailed.  Three  devices  are  foimd  for 
locking  the  front  and  hind  wings : — 

A.  The  front  wing  overlaps  the  expanded  basal  area  of  the 
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anterior  edge  of  the  hind-wing.  This  is  found  in  all  the 
butterflies  and  in  a  number  of  moths. 

B.  Frenulum  and  retinaculum.  The  frenulum,  which  is  a 
sti£E  bristle  on  the  upper  surface  of  the  anterior  margin  of  the 
hind-wing,  engages  in  the  retinaculum,  which  is  a  catch  formed 


Fia.  99. — ^Venation  of  Moth  named  after  Hampson. 
F  =  frenulum. 


of  thick  scales  on  the  under-side  of  the  fore- wing.  This  is  found 
in  the  majority  of  moths. 

C.  Jugum.  This  is  a  lobe  extending  from  the  fore- wing  and 
passing  under  the  hind-wing,  holding  the  latter  between  itself 
and  the  fore-wing.  This  is  found  in  Hepialidce  and  Microp- 
terygidce  only. 

The  venation  of  the  wings  is  important,  as  on  it  the  classifica- 
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tion  of  the  Heterocera  largely  depends .  In  the  typical  fore- wing 
there  are  twelve  veins :  the  internal  nervure  with  three 
branches  (la,  16,  and  Ic),  the  median  nervure  with  two  branches 
(2,  3),  the  radial  with  three  branches  (4,  5,  and  6),  the  subcostal 
with  five  branches  (7,  8,  9,  10,  and  11),  and  the  costal  nervure 

// 


Fig.  100. — ^Venation  of  Hepialid  named  after  Hampson. 
J  =  jugum. 


(12).  The  hind- wing  has  typically  eight  nervures,  four  of  the 
subcostals  being  absent. 

The  internal  anatomy  of  Lepidoptera  is  not  very  complex. 
The  only  peculiarity  of  the  alimentary  canal  is  a  large  pouch, 
which  opens  just  behind  the  crop.  This  is  called  the  sucking 
stomach,"  but  its  function  is  doubtful.  The  nervous  system 
is  normal,  consisting  of  a  small  frontal  ganglion ;  supra-  and 
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infra-tesophageal  ganglia,  which  are  united  and  pierced  by  the 
oesophagus  ;  and  a  ventral  chain,  comprising  three  thoracic 
and  four  abdominal  ganglia.  The  male  sexual  organs  do  not 
exhibit  any  great  peculiarity  :  tjiey  consist  of  a  pair  of  testes 
whose  vasa  deferentia  unite  to  form  a  long  ejaculatory  duct. 
The  female  organs,  however,  are  more  complicated.  There  is 
a  pair  of  ovaries,  whose  ducts  unite  to  form  a  single  oviduct, 
which  opens  at  the  apex  of  the  abdomen  ;  and,  in  addition, 
a  bursa  copulatrix,  which  opens  on  the  ventral  plate  of  the 


Fig.  101. — Venation  of  Butterfly  named  after  Comstock  and  Noedham. 

eighth  abdominal  segment.  Connecting  the  bursa  copulatrix 
with  the  oviduct  is  a  tube,  on  which  is  situated  the  spermotheca. 
A  pair  of  accessory  glands  and  also  an  unpaired  gland  open 
into  the  oviduct.  In  Micropteryx  and  some  others  there  is  a 
single  genital  aperture,  not  a  double  one. 

The  colours  of  Lepidoptera  are  very  varied,  and  in  the 
order  we  can  find  examples  of  every  device  adopted  by  insects 
to  protect  themselves  from  their  enemies. 
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Broadly  speaking,  the  colours  adopted  may  be  placed  in 
the  three  following  classes  : — 

1.  Hiding  colours. 

2.  Warning  colours. 

3.  Frightening  colours. 

The  ''Hiding"  colours  may  be  divided  into  two  groups, 
of  which  the  first  is  composed  of  those  colours  known  as 
''Cryptic,"  i.e.  colours  which  bear  a  general  resemblance  to 
their  surroundings.  These  are  adopted  by  most  night-flying 
moths  and  by  many  larvae.  They  are  usually  dull  colours 
and  are  broken  up  by  irregular  bands  or  blotches.  The  second 
group  are  those  colours  which  give  the  insect  a  resemblance 
to  some  particular  object ;  they  are  often  correlated  with  a 
peculiar  shape  or  attitude.  Examples  of  this  are  found  in 
most  Geometrid  larvae,  which,  while  at  rest,  resemble  dead 
twigs  ;  in  the  Buff-tip  moth,  which  resembles  a  broken-off  twig  ; 
and  in  many  small  moths,  which  rest  on  leaves,  etc.,  with  out- 
spread wings,  and  exactly  resemble  the  excrement  of  birds. 

In  Warning  colours  we  again  find  more  than  one  type.  True 
warning  coloration  is  simple :  the  insect  is  distasteful,  and 
displays  bright  contrasting  colours,  usually  red  or  yellow  and 
black,  to  advertise  the  fact.  False  warning  colours  are  similar 
colours  adopted  by  an  insect  which  does  not  taste  unpleasant, 
but  looks  as  if  it  does.  Closely  allied  to  this  is  mimicry,  which 
is  the  imitation  of  one  insect  by  another.  Bates,  who  originally 
drew  attention  to  the  phenomenon,  assumed  that  the  mimic 
was  always  edible  and  the  mimicked  species  inedible  (Batesian 
mimicry).  But  it  has  since  been  discovered  that  many  of  the 
mimics  are  themselves  distasteful,  and  a  new  theory,  that 
distasteful  insects  tend  to  become  of  similar  appearance 
(MuUerian  mimicry),  has  been  propounded.  Examples  of 
mimicry  are  found  in  many  families,  particularly  in  Nym- 
phalidce,  where  females  of  many  species  mimic  other  species 
of  the  same  or  different  famihes,  and  in  the  Syntomidce,  many 
members  of  which  closely  imitate  Hymenoptera. 

"  Frightening  Colours "  is  the  term  applied  to  those 
colours,  often  used  in  conjunction  with  other  devices,  which 
are  supposed  to  scare  away  enemies  of  the  insect.  One 
example  of  this  is  the  Peacock  butterfly,  which,  when 
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approached,  suddenly  opens  its  wings  and  displays  four 
glaring  eyespots.  Other  examples  are  the  larvae  of  Papilionidce, 
which  extrude  a  brightly  coloured  process  from  the  front 
portion  of  the  body,  and  the  S^hingid  larvae,  most  of  which 
possess  eyespots,  and  which  in  a  few  cases  emit  a  hissing 
sound  when  alarmed. 

Most  of  the  theories  regarding  insect  colours  must  be  accepted 
with  caution,  as  there  are  many  objections  which  have  yet  to  be 
removed.  For  instance,  mimicry  and  false  warning  colours 
would  in  many  cases  seem  to  defeat  their  own  end.  If,  as 
frequently  happens,  the  mimics  outnumber  the  mimicked,  or  the 
possessors  of  false  warning  colours  are  more  numerous  than  the 
genuinely  distasteful,  then  surely  birds  and  other  enemies  would 
associate  edibihty,  and  not  distastef  ulness,  with  those  particular 
colours.  Again,  in  the  case  of  frightening  colours,  we  are  too  apt 
to  imagine  that  what  would,  if  magnified,  certainly  frighten  us, 
must  necessarily  be  alarming  to  a  bird.  Until  these  and  similar 
points  are  cleared  up,  it  must  be  admitted  that  the  question 
of  the  colours  of  insects  is  very  imperfectly  understood. 

The  principal  natural  enemies  of  Lepidoptera  are  birds ; 
Insectivorous  mammals,  such  as  bats,  squirrels,  and  monkeys  ; 
internal  parasites,  of  the  orders  Hymenoptem  and  Diptera; 
and  certain  predaceous  insects,  particularly  the  fossorial  wasps. 

Birds  destroy  large  numbers  of  the  imagines  and  an 
enormous  number  of  larvae.  It  is  an  interesting  fact  that  birds 
have  great  difficulty  in  picking  larvae  off  the  foliage  of  plants, 
as  in  most  cases  the  leaves  or  twigs  on  which  the  larvae  feed 
are  not  strong  enough  to  allow  the  bird  to  settle.  It  is  when 
the  larvae  leave  the  f  ohage  and  crawl  down  the  stems  to  pupate 
that  the  greatest  destruction  takes  place.  Another  point 
worthy  of  mention  is  that  when,  for  any  reason,  caterpillars 
suddenly  become  very  numerous,  large  numbers  of  birds  that 
are  not  usually  insectivorous  will  attack  them,  and  will 
materially  assist  in  reducing  their  numbers. 

Hymenopterous  and  Dipterous  parasites  are  a  very  large 
factor  in  the  natural  control  of  Lepidoptera.  The  larvae  are 
most  frequently  attacked,  the  female  parasite  laying  one  or 
more  eggs  in  the  partially  grown  caterpillar.  These  eggs 
hatch  to  small  larvae,  which  feed  inside  the  caterpillar:  at 
the  pupation  stage  the  caterpillar  is  practically  eaten  out, 
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and  dies,  the  parasite  pupating  inside  or  outside  the  dead 
shell.  The  eggs  of  Lepidoptera  are  also  frequently  attacked, 
four  or  more  tiny  parasites  sometimes  undergoing  their  develop- 
ment in  one  egg.  Practically  every  family  of  Lepidoptera  is 
attacked  to  a  greater  or  less  extent  by  these  parasites.  The 
prmcipal  families  concerned  are  Ichneumonidce  and  Braconidce 
(Hymenoptera)  and  Tachinidce  (Diptera),  which  parasitize 
caterpillars ;  and  Chalcidce  and  Proctotrypidce  (Hymenoptera), 
which  are  egg-parasites. 

The  food  of  the  adult  insect  consists  almost  entirely  of  nectar 
from  the  honey  glands  of  flowers.  Sap  from  a  wounded  tree 
is  also  very  attractive  to  some  Lepidoptera,  especially  Nympha- 
lidce  and  Noctuidce,  and  a  few  species  are  attracted  by  carrion  : 
Ophideres  and  some  others  puncture  fruit,  especially  oranges. 

The  larvae  in  the  main  are  herbivorous,  mostly  feeding  on 
the  foliage  of  plants.  A  few  bore  into  stems  ;  others  into  fruit, 
where  the  seeds  are  usually  consumed.  Very  few  lepidopterous 
larvae  are  carnivorous ;  some,  however,  attack  scale  insects  and 
aphides,  and  a  few  Lyccenids  consume  ant  larvae  and  mealy-bugs. 
Some  Tineids  eat  cloth,  others  of  the  same  family  cork,  and 
one  consumes  the  whitewash  on  house  walls.  Some  Pyralidce 
feed  on  flour,  biscuits,  etc. 

Silk.  Silk  is  the  thread  produced  by  many  insects  from  the 
salivary  glands.  It  is  formed  in  the  glands  as  a  viscous  gummy 
fluid,  but  on  exposure  to  the  air  rapidly  dries  to  a  strong 
thread.  It  is  used  by  the  insect  for  a  variety  of  purposes, 
but  in  Lepidoptera  its  principal  use  is  the  formation  of  the 
cocoon.  Practically  all  the  larvae  of  Lepidoptera  produce  silk 
in  greater  or  less  quantity,  but  the  production  of  only  a  few 
species  has  any  commercial  value,  the  following  being  the  most 
important : — 

1.  Bombycidce.    Bombyx   mori,   the   mulberry  silkworm. 

Domesticated  in  India,  China,  Japan,  and  Europe. 

2.  Saturniidce. 

(i)  Attacus  ricini,  Eri  Silk.    Domesticated  in  India. 

The  silk  can  only  be  spun. 

(ii)  Anther cea  paphia,    Tussar  Silk.    Wild  in  India, 

China,  and  Japan. 

(iii)  A,  assama.   Muga  Silk.    Semi-domesticated  in 

Bengal  and  Assam. 
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(iv)  Anthercea  pernyi.    Shantung  Silk,   occurring  in 

China. 

(v)  Anthercea  yama-mai  from  Japan. 

3.  Eupterotidce,    Species  of  the  genus  Anaphe  from  tropical 
Africa. 

Bombyx  mori,  the  mulberry  silk  worm,  supplies  the  bulk  of 
the  world's  silk.  It  is  probably  indigenous  to  India  or  China, 
where  it  has  been  domesticated  for  centuries,  but  it  is  nowhere 
now  found  wild.  It  was  introduced  into  Europe  in  the  sixth 
century,  and  has  been  cultivated  there  ever  since,  principally 
in  Southern  France  and  in  Italy.  There  are  several  races  of 
B,  moriy  some  univoltine,  i.e.  with  only  one  brood  during  the 
year,  such  as  the  European  race ;  others,  such  as  the  Indian 
races,  multivoltine  or  many-brooded.  Mulberry  is  the  exclusive 
food-plant :  in  Europe  the  White  Mulberry,  Morns  alba,  gives 
the  best  results. 

Bombyx  mori  is  a  pale  grey  moth,  measuring  about  one  and 
a  half  inches  across  the  wings.  It  is  very  feeble,  and  does  not 
take  any  food,  the  proboscis  being  absent.  Coupling  takes 
place  immediately  after  emergence,  and  the  moths  live  for  a 
few  days  only. 

The  eggs,  which  are  pale  yellow,  are  laid,  in  the  case  of  the 
univoltine  species,  in  August  or  September :  about  400  eggs 
are  laid  by  one  female.  The  eggs  are  termed  seed,"  and  are 
sold  by  weight;  one  ounce  of  "seed"  contains  from  30,000 
to  55,000  eggs. 

As  a  rule  the  females  deposit  their  eggs  on  cards,  which  are 
then  put  away  for  hibernation,  great  care  being  taken  to 
maintain  a  uniform  temperature  during  the  winter.  In  May, 
when  the  eggs  are  ready  to  hatch,  they  are  placed  in  trays, 
and  covered  with  mulberry  leaves.  The  space  allowed  for 
one  ounce  of  seed  is  as  follows,  the  figures  in  this  and  subsequent 
tables  being  taken  from  Lefroy's  Report  on  Silk  in  India : — 

At  hatching  . 
After  1st  moult 

„    2nd  „ 

„    3rd  „ 

„    4th  „ 
Before  spinning 


1 
3 
9 
22 
60 
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The  caterpillars  are  grey  or  grey  and  black  in  colour,  and 
smooth,  with  a  hornlike  process  on  the  dorsal  plate  of  the  last 
segment.  The  mulberry  leaves  are  usually  cut  up  before 
being  supplied  to  the  larvae.  There  are  four  moults,  and  the 
larval  stage  in  Europe  occupies  about  a  month.  Altogether 
about  1,398  lb.  of  leaves  are  supplied  to  the  larvae  from  1 
oz.  of  seed  :  this  produces  about  120  lb.  of  green  cocoons 
(i.e.  cocoons  +  living  pupae).  About  606  lb.  of  food  is 
untouched,  and  160  lb.  of  excrement  is  produced.  The 
following  table  gives  the  weights  of  silkworms  at  various 
stages : — 


36,000  eggs 
At  hatching 
After  1st  moult 

„     2nd  „ 

„     3rd  „ 

„     4th  „ 
At  greatest  size 
At  maturity  . 
As  cocoons 
Chrysalides  alone 
Moths  (50  per  cent,  each  sex) 


=  25  grammes  seed, 

weigh  1 8  grammes . 

255 
1,598 
6,800 
27,676 
161,500 
131,920 
76,250 
66,300 
39,685 


When  the  worms  are  full  fed,  loose  twigs,  on  which  the 
cocoons  are  spun,  are  placed  above  the  trays.  The  cocoons 
are  about  the  size  of  a  pigeon's  egg  :  those  of  the  males  are 
smaller  than  those  of  the  females.  About  500  cocoons  weigh 
one  kilogram.  When  the  cocoons  are  finished,  certain  are 
selected  for  seed,  and  the  remainder,  after  grading  into  qualities, 
are  killed  by  placing  in  dry,  hot  air  for  about  ten  minutes, 
preparatory  to  reeling.  In  reeling,  the  cocoons  are  placed  in 
hot  water,  in  order  to  loosen  the  gummy  threads ;  after  the 
removal  of  the  outer  layer,  the  threads  from  several  cocoons 
are  taken,  mechanically  twisted,  and  reeled  off  on  a  slow- 
moving  bobbin.  About  300  yards  of  thread  is  taken  from 
each  cocoon.  This  raw  silk  is  frequently  woven  without 
further  preparation;  it  is,  however,  often  thickened  by  the 
further  twisting  of  several  threads  together,  and  in  many  cases 
dyed,  before  weaving.  The  waste  silk  is  now  combed  and 
spun  in  a  similar  manner  to  wool. 
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In  addition  to  silk,  the  silk  glands  of  Bomhyx  supply  what  is 
known  as  silkworm  gut.  This  is  a  very  strong  naaterial, 
principally  used  for  fishing  tackle.  When  ready  to  spin,  the 
worms  are  placed  in  vinegar,  where  they  are  allowed  to  remain 
for  about  fourteen  hours.  The  silk  glands  are  then  extracted 
and  drawn  out  to  a  length  of  from  one  to  three  feet,  stretched 
on  a  board,  and  dried  in  the  sun.  In  China,  silkworm  gut  is 
made  from  the  glands  of  another  species,  Saturnia  (Eriogyna) 
pyretorum,  of  the  family  Saturniidce, 

Silkworms  are  liable  to  a  number  of  diseases,  of  which  the 
most  important  is  Pebrine.  This  is  caused  by  a  protozoon, 
and  is  infectious  and  contagious,  and  can  also  be  passed  on 
from  generation  to  generation  through  the  female.  At  one 
time  the  disease  almost  wiped  out  silk  cultivation  in  Europe, 
but  now  it  is  kept  under  by  Pasteur's  method  of  segregation 
of  the  females.  Each  fertilized  female  lays  its  eggs  in  a  separate 
cell ;  the  body  of  the  moth  is  then  pounded  up  in  water,  and 
microscopically  examined  for  the  disease :  if  it  is  present, 
the  eggs  are  destroyed. 

Eri  Silk  :  Attacus  ricini. 

This  species  is  cultivated  in  Eastern  Bengal  and  in  Assam, 
mainly  for  local  use.  It  is  wholly  domesticated,  but  a  very 
closely  allied  species.  A,  cynthia,  is  found  wild  in  many  districts  : 
probably  this  is  frequently  crossed  with  A.  ricini.  The  larvae 
will  feed  on  a  variety  of  plants,  but  the  Castor-oil  plant  is  the 
one  most  frequently  used.  Rearing  is  done  indoors,  in  trays, 
in  a  similar  manner  to  Bombyx  mori.  The  silk  is  white  or 
brown,  and  can  be  spun  only,  the  moths  usually  being  allowed 
to  emerge.  The  cocoons  are  frequently  sold  with  the  pupa 
case  inside,  in  which  case  they  are  often  weighted  with  mud 
or  stones.  In  other  cases  they  are  cleaned,  by  turning  them 
inside-out  by  machinery.  Eri  silk  is  largely  used  in  India, 
but  very  little  is  exported  to  Europe. 

Tussar  Silk:  Anthercea  paphia. 

This  is  a  wild  species  that  feeds  on  various  forest  trees. 
There  are  several  races,  which  are  one,  two,  or  three  brooded. 
There  are  two  sources  of  cocoons  :  wild  cocoons,  which  are 
collected  in  areas  where  the  moth  is  abundant ;  and  cocoons 
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obtained  by  placing  larvae  on  selected  trees.  The  larvae  in 
the  second  case  are  hatched  from  seed  which  is  usually  the 
product  of  wild  moths :  seed  from  reared  moths  being  poor 
in  quality  and  uncertain  in  supply.  The  silk  is  coarse,  very 
strong,  and  of  a  dark  buff  colour.  It  is  reeled,  the  pupae  being 
stifled*  Tussar  silk  is  woven  in  India  mainly  for  local  use ; 
for  export  it  cannot  compete  in  price  with  the  Chinese 
Shangtung. 

Muga  Silk:  Anther cea  assama. 

This  is  a  semi-domesticated  species  found  in  Assam,  feeding 
principally  on  Laurels.  The  eggs  are  laid  on  special  grass 
rods,  which  are  then  hung  up  indoors  until  the  worms  hatch. 
When  this  takes  place,  the  rods  are  hung  on  a  tree,  and  the 
worms  crawl  up  and  feed  on  the  foliage.  After  stripping  the 
tree,  the  caterpillars  crawl  down  the  stem  and  collect  on 
triangular  mats  which  are  placed  on  the  trunk  in  readiness : 
the  mats  are  then  taken  to  another  tree  and. hung  on  it.  When 
full  grown  the  larvae  crawl  down  the  tree,  and  are  collected 
and  placed  in  branches  of  dry  leaves,  where  they  pupate. 
Seed  cocoons  are  carefully  selected,  and  the  remainder  are 
stifled  and  reeled.  All  the  silk  is  reeled  locally,  and  the  greater 
part  is  woven  locally,  but  a  small  quantity  is  exported  to  other 
parts  of  India,  where  it  is  valued  on  account  of  its  beautiful 
dull  bronze  colour. 

Shantung  Silk  or  Chinese  Tussar :  Anihercea  perneyi. 

This  species  is  very  extensively  reared  in  China.  It  is 
bivoltine,  and  is  found  both  wild  and  semi-domesticated  in 
many  districts.  It  is  usually  reared  indoors,  though  occasion- 
ally upon  dwarf  oaks  in  the  open  air.  Oak  is  the  exclusive 
food-plant  used.  Two  crops  of  silk  are  obtained  annually, 
one  in  the  spring  and  one  in  the  autumn  :  the  latter  is  heavier, 
but  poorer  in  quality.  Shantung  silk  is  pale  buff  in  colour, 
and  is  very  largely  exported. 

Anihercea  yama-mai. 

This  is  the  corresponding  Japanese  species  to  A,  perneyi, 
and  like  it  feeds  exclusively  upon  Oak,  and  is  reared  in  a  similar 
maimer.    It  is,  however,  only  single-brooded,  and  is  now 
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being  largely  replaced  by  the  Chinese  species.  A.  yama-mai 
yields  silk  of  a  beautiful  pale-green  colour,  which  was  formerly 
strictly  reserved  for  the  Royal  House  of  Japan. 

Species  of  Anaphe. 

Various  species  of  this  genus,  which  occur  in  tropical  Africa, 
yield  silk  which  is  used  commercially  to  a  small  extent.  The 
larvae  spin  colonial  cocoons  which  are  covered  with  a  common 
envelope.  The  silk,  which  is  grey  in  colour,  is  of  little  value. 
The  envelope  only  is  used,  and  the  threads  not  being  continuous, 
spinning  only  is  possible  :  efforts  are  being  made  to  extend  the 
production  of  these  species. 

Very  few  Lepidoptera  are  beneficial  to  man ;  these  are  : 

(a)  Those  that  produce  commercial  silk. 

(6)  Certain  carnivorous  larvse,  which  may  to  some  extent 
check  the  ravages  of  scale-insects,  etc. 

(c)  To  a  very  slight  extent,  the  MorpMnce  of  S.  America, 
whose  wings  are  used  for  ornamenting  jewellery. 

The  harmful  members  of  the  group  may  be  summarized  as 
follows : — 

(a)  Leaf-eating  Caterpillars.  The  ordinary  type  of  lepidop- 
terous  larva,  which  lives  openly  on  one  particular  food-plant. 
These  pests  occur  in  nearly  every  family  of  the  order. 

(b)  Surface  Caterpillars.  Known  as  ^'Cutworms"  in 
America,  these  are  Noctuid  larvae  principally  of  the  genera 
Agrotis  and  Euxoa.  They  live  on  or  just  under  the  surface 
of  the  soil,  feeding  at  night  on  young  shoots  of  plants,  which 
they  bite  off  at  ground  level. 

(c)  Army  Worms.  Noctuid  larvae  which,  because  of  food 
shortage,  or  for  some  other  reason,  become  gregarious  and 
migrate,  consuming  everything  in  their  path.  The  best- 
known  example  is  Leucania  unipuncta. 

(d)  Borers.  The  principal  pests  in  this  class  are  those  that 
attack  sugar  cane,  being  members  of  the  families  Noctuidcef 
Pyralidce,  Tortricidce,  and  Castniidce.  Other  boring  larvae  are 
Sesiidce  on  Currant,  Gooseberry,  etc.,  and  Cossidce  in  large 
timber. 

(e)  Bollworms.  Larvae  which  bore  into  the  boll  of  cotton  and 
consume  the  seeds.    They  constitute  a  very  serious  pest,  the 
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worst  offender  being  GelecMa  gossypiella  of  the  family  Tineidce. 
Others  belong  to  the  Noctuidce,  e.g.  Earias  fabia  in  India  and 
E,  insulana  in  Egypt. 

(/)  Fruit  Borers,  Larvse  which  tunnel  into  fruit,  nuts,  etc. 
These  are  principally  larvse  of  the  family  Tortricidce,  the  best 
known  being  the  Codlin  Moth,  Cydia  pomonella,  which  attacks 
apples  and  pears. 

(g)  Minor  Household  Pests.  Among  these  we  may  include 
the  flour  moth,  Ephestia  kuhniella,  a  member  of  the  family 


1. 

Fia.  102. — ^Antennae. 
1.  Pierid  Butterfly.   2.  Hesperlid  Butterfly.   3.  Sphingid  Moth.   4.  Zyganid  Moth. 

Pyralidce,  which  is  found  in  flour  mills  and  Army  biscuits  ; 
the  clothes  moths,  Trichophaga  tapetzella  and  others,  of  the 
family  Tineidce;  and  OinopJiila  v-flavum,  belonging  to  the 
same  family,  which  attacks  the  corks  of  wine  bottles,  and  has 
recently  been  reported  as  injuring  the  corks  in  breweries  and 
factories. 

The  classification  adopted  here  is  that  of  Hampson,  with  a 
few  slight  differences.  The  suborders  Rhopalocera  and  Hetero- 
cera  have  been  retained,  and  the  famihes  of  the  former  arranged 
in  the  order  adopted  by  South.  In  some  cases,  where  the  family 
name  has  been  changed,  the  older  and  better-known  name  is 

z 
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retained.  The  characters  for  the  families  given  here  are  those 
in  Hampson's  Catalogue. 

There  is  an  enormous  amount  of  literature  relating  to 
Lej^idoptera,  and  nearly  every  country  has  its  own  textbooks 
and  lists  of  species. 

The  more  important  general  catalogues  are  the  following  : — 
(1)  Staudinger  &  Rebel.  Catalogue  of  Palcearctic  Lepido^tera 
1901.  (2)  Dyar.  Lisi  of  N.  American  Lepido;ptera,  1902. 
(3)  Lepidopterorum  Catalogus,  edited  by  H.  Wagner  (in  course 
of  production).  (4)  Hampson.  Catalogue  of  Lepidoptera 
Phalcence,  1898-1920  [covering  Syntomidce/Arctiidce^Agaristidce, 
and  Noctuidce]. 

For  the  Lepidoptera  of  Great  Britain,  the  butterflies  and  larger 
moths  are  dealt  with  by  South  (1906-1909)  and  the  Micro- 
lepidoptera  by  Meyrick  (1895). 


Sub-Order  1.   RHOPALOCERA,  Butterflies. 


Antennae  clubbed  or  thickened  just  before  the  tip  ;  frenulum 
absent ;  usually  day-flying .   Pupa  as  a  rule  without  a  cocoon. 

There  is  usually  no 
difficulty  in  recognizing 
butterflies,  though  definite 
distinctive  characters  are 
not  easy  to  give.  The 
main  distinction  is  the 
absence  of  the  frenulum, 
the  fore-  and  hind-wings 
being  locked  by  means  of 
a  shoulder  on  the  an- 
terior edge  of  the  hind- 
wing,  as  already  described. 
This  character,  coupled 
with  the  form  of  the  an- 
tennae, should  be  suffici- 
ent for  the  recognition  of 
doubtful  cases.  A  useful 
field  character  is  the  position  in  which  the  wings  are  held 
when  at  rest.   In  butterflies,  with  the  exception  of  the  Hes- 


FiG.  103. — ^Diagram  showing  the  Resting 
Attitudes  of  Lepidoptera.  The  Hind- 
wings  are  shaded. 

1.  Butterfly.   2.  Geometrld  Moth. 
3.  Noctuid  Moth. 
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periidce,  they  are  held  vertically  above  the  body,  while  in 
most  moths  they  are  folded  flat  across  the  body,  the  hind- wings 
being  completely  concealed.  In  the  Skippers  the  wings  are 
held  partially  open  at  an  angle  from  the  body. 

The  Rhopalocera  have  been  more  extensively  studied  than 
any  other  group  of  insects,  and  there  is  an  abundance  of 
literature.  The  more  important  general  catalogues  have 
been  previously  referred  to  ;  any  volumes  of  Genera  Insectorum 
that  exist  are  mentioned  under  the  families  that  they  describe. 

About  15,000  species  of  butterflies  have  been  recorded, 
of  which  sixty-eight  are  British. 


Papilionidje. 


Swallowtails. 

All  the  legs  fully  developed ;  claws  simple  without 
empodium  ;  precostal  nervure  absent  in  the  hind -wings. 
Larvae  with  retractile  thoracic  process. 

Papilionids  are  all  large  butterflies,  particularly  the  genus 
Omithoptera.  In  most  cases  the  colours  are  conspicuous, 
yellow  and  black  being  predominant.  Very  frequently  the 
hind-wings  are  pro- 
duced into  a  tail.  In 
a  number  of  cases  the 
flight  is  peculiar,  the 
fore-wings  only  being 
used,  the  hind-wings 
being  trailed  and  tak- 
iag  no  part  in  the 
function. 

The  eggs  are  laid 
singly  on  the  food- 
plant.  They  are  barrel-shaped  and  ribbed,  with  a  micropyle 
at  the  top.  The  larvse  of  this  family  have  a  remarkable  pro- 
cess on  the  thorax,  known  as  the  osmeterium  :  it  is  Y-shaped 
and  provided  with  a  stink  gland,  and  is  extruded  when  the 
insect  is  alarmed.  In  most  cases  the  pupa  is  fixed  to  the 
food-plant  by  the  tail,  and  supported  by  a  girdle  of  silk  round 
the  middle,  but  in  the  genus  Thais  the  girdle  is  absent,  and  the 


Fio.  104. — Larva  of  Papilionid  {Papilio 
Machaon)  (nat.  size). 
0  «=>  osmeterium. 
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pupa  is  supported  by  a  thread  at  the  top  of  the  head.  Larvse 
of  the  genus  Parnassius  pupate  on  the  ground,  and  form  a 
slight  silken  cocoon. 

Distribution  is  mainly  tropical,  but  a  considerable  number  of 
species  are  found  in  temperate  regions.  About  700  species 
have  been  recorded,  only  one  of  which  is  British. 

In  many  cases  sex  recognition  is  difficult,  but  in  others, 
particularly  in  the  genus  Ornithoptera,  the  females  are  much 
larger,  and,  as  a  rule,  of  duller  coloration  than  the  males. 

Hibernation,  when  it  occurs,  is  as  a  pupa. 

Wherever  Citrus  is  grown  a  species  of  Papilio  attacks  the 
young  leaves,  often  causing  serious  damage.  Pajoilio  demoleus, 
occurring  in  India  and  the  East,  is  one  of  the  best  known. 

Two  fascicules  of  Genera  Insectorum  deal  with  groups  of 
this  family,  namely,  No.  4  (1902)  by  Wytsmann  and  No.  6 
(1902)  by  Eippon. 

PlERIDiE. 

Whites  and  Sulphurs. 

All  the  legs  fully  developed.  The  claws  of  all  the  legs 
bilid  or  toothed,  and  an  empodium  is  present.  The  precostal 
nervure  is  present  in  the  hind -wings. 

The  Pierids  are  medium-sized  to  large  insects.  They  usually 
exhibit  either  white  or  yellow  as  the  pre- 
dominant colour,  but  red  and  black  colo- 
ration is  common  among  tropical  forms. 

Fig.  105. — Eggs  of  Pieris  Fig.  106. — ^Pierid  Larva  {Pieris 

rapcB,    (X  15.)  brassicce).    (X  2.) 

The  eggs,  which  are  of  the  barrel-shaped  form  usual  in  butter- 
flies, are  laid  singly  or  in  batches  on  the  foliage  of  the  food-plant. 
In  the  case  of  the  common  Cabbage  White,  60—100  eggs  are 
laid  in  a  batch.    The  larvae  are  usually  bare  or  covered  merely 
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with  fine  short  hairs  :  the  young  caterpillars  of  some  species, 
however,  have  a  number  of  forked  setae,  each  of  which  bears 
a  minute  drop  of  iBluid.    At  this  stage  the  larva  is  very  inactive, 
and  feeds  very  little.    At  the  second  moult 
these  specialized  setae  disappear  :    there  is, 
as  a  rule,  some  change  in  colour,  and  the 
larva  becomes  much  more  active  and  vora- 
cious.   The  pupa,  which  is  often  of  fan- 
tastic shape,  is  always  fixed  to  some  solid 
object  by  the  tail,  and  suspended  by  a 
silken  girdle  round  the  middle. 

The  distribution  of  the  family  is  world- 
wide :  over  1,000  species  have  been  de- 
scribed, of  which  ten  are  found  in  Britain. 

Hibernation  when  it  occurs  is  as  a  pupa. 
Many  temperate  species  pass  the  greater 
part  of  the  year  in  that  stage,  the  Orange 
Tip,  for  example,  spending  nine  or  ten 
months  as  a  chrysalis. 

The  sexes  can  be  distinguished  in  some 
species  by  a  considerable  difference  in 
colour,  but  no  general  rule  for  the  family 
can  be  laid  down. 

A  numbeT  of  species  of  Pieridce  feed  on 
cultivated  crucifers,  but  do  not  constitute 
serious  pests.  Pier  is  brassicce,  which 
attacks  cabbages  in  Britain,  is  a  typical  example. 


Fig.  107. — Pupa  of 
Pierid  (Pier  is 
brassicce).  Lateral 
view. 

(After  Hargrcaves — 
simplified.) 


Nymphalid^. 

The  fore -legs  in  both  sexes  much  reduced  ;  their  tarsi  in 
the  male  of  one  joint  and  in  the  female  of  five  joints,  without 
claws  in  either  case.  The  pupa  usually  suspended  by  the 
tail  and  hanging  down  freely. 

The  Nymphalidce  are  very  variable  both  in  size  and  colour. 
Some  of  the  most  brilliantly  coloured  as  well  as  some  of  the 
dingiest  of  butterflies  are  found  in  this  family.  The  members 
of  the  South  American  sub-family  Brassolince  resemble  moths  in 
their  habits,  inasmuch  that  they  rest  during  the  day,  flying 
only  in  the  lat.e  afternoon  and  evening.   The  British  species 
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of  the  genus  Pyrameis  are  often  found  on  the  wing  after  dusk. 
The  flight  in  some  species  is  very  powerful  (e.g.  the  well-known 
migrant  P.  cardui)  ;  in  others,  particularly  in  the  Satyrince,  it 

is  very  feeble. 


Fig.  108. — Larva  of  Nymphalid  ( Vanessa 
io)  (nat.  size). 


Nymphalids  constitute 
a  large  family  with  a 
world-wide  distribution . 
Nearly  5,000  species  have 
been  described,  of  which 
thirty  al-e  British. 

The  eggs  are  laid  either 
singly  or  in  batches,  and 
are  usually  affixed  to  the 
food-plant,  though  in  the  case  of  some  of  the  grass-feeding 
species  they  are  merely  dropped  among  the  grass  stems. 
The  larvae  differ  largely  in  appearance,  many  being  covered 
with  long  spines,  while  others  are  smooth.  In  some  cases 
the  extremity  of  the  body  is  forked,  and  the  larvse  of 
the  genus  Apatura  have  processes  on  the  head.  In  some 
species  the  larvae  are  gregarious.  The 
pupae  of  the  Nymphalids  are  more 
elaborate  than  in  other  butterflies, 
being  frequently  adorned  with  curious 
processes.  They  are  often  of  bright 
metallic  colours.  Normally  they  are 
suspended  head-downwards  by  a  series 
of  hooks  situate  on  the  cremaster.  In 
a  few  species  of  the  sub-family  Saty- 
rince,  however,  the  pupa  is  enclosed  in 
a  slight  silken  cocoon  or  in  a  cell  just 
under  the  surface  of  the  ground  ;  and 
occasionally  in  the  same  sub-family 
it  is  merely  placed  upright  among 
grass  stems  without  any  attachment. 

Hibernation  in  this  family  usually  takes  place  as  a  larva ; 
a  few  species  hibernate  as  adults,  but  hibernation  in  the  pupal 
stage  is  rare. 

The  sexes  can  be  distinguished  by  the  structure  of  the  fore- 
legs :  the  tarsi  in  the  male  consisting  of  one  joint  and  in  the 
female  of  five  joints. 


Fig.    109.  —  Pupa  of 
Nymphalid  {Argynnis 
paphia)  (nat.  size). 
c  a=  cremaster 


LEPIDOPTERA 


343 


Nymphalidae  are  of  very  slight  economic  importance,  a  few 
species  only  being  recorded  as  leaf-eating  pests.  Acrcea 
terpsichore,  which  attacks  sweet  potato  in  Uganda,  and  Vanessa 
c,  album,  which  attacks  mulberry  in  Europe,  will  serve  as 
examples. 

The  family  is  divided  into  the  following  sub-families,  which 
are  treated  as  separate  families  by  some  authorities : — 

1.  Nymphalince,  This  is  a  large  sub-family  with  a  world- 
wide distribution.  The  butterflies  are  as  a  rule  brightly 
coloured  on  the  upper  side,  but  frequently  dully  or  cryptically 
coloured  underneath.  The  well-known  dead-leaf  butterflies 
belong  to  this  group.  One  section  of  this  group  has  been 
described  by  Stichel  in  Genera  Insectorum,  Ease.  63  (1907),  under 
the  title  Dionince. 

2.  DanaincB,  These  are  large  dully  coloured  butterflies, 
most  common  in  the  Eastern  tropics. 

3.  lihomiince.  The  members  of  this  group  are  of  small 
size,  and  vary  considerably  in  colouring.  In  some  forms 
large  hyaline  patches  occur  on  the  wings.  The  sub-family 
is  confined  to  tropical  America. 

4.  Palceotropince,  This  is  a  small  group  of  moderate- 
sized  black  and  white  butterflies  from  the  Austro-Malayan 
region. 

5.  Morphince.  This  is  a  small  group  confined  to  tropical 
America  and  the  Eastern  tropics.  They  are  as  a  rule  large 
butterflies  with  brilliant  metallic-blue  coloration  and  strong 
powers  of  flight.  Two  sections  of  the  group  (DiscopJiorince  and 
Hyantince)  have  been  described  in  Oenera  Insectorum^  Ease.  31 
and  39  (1905),  by  Stichel. 

6.  Amathusiince,  This  sub-family  has  been  separated  from 
the  Morphince.  It  consists  of  a  small  number  of  species  from 
the  Eastern  tropics,  and  has  been  described  by  Stichel  in 
Genera  Insectorum,  Fasc.  36  (1906). 

7.  BrassolincB.  This  is  a  small  group  of  large  brightly 
coloured  insects  from  South  America.  They  rest  during  the 
day,  flying  in  the  late  afternoon  and  evening.  The  group  is 
described  by  Stichel  in  Genera  Insectorum,  Ease.  20  (1904). 

8.  Heliconiince.  The  members  of  this  small  South  American 
sub-family  are  brightly  coloured  insects  of  rather  small  size. 
The  wings  are  longer  and  narrower  than  is  usual  in  Nymphalids. 
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The  sub-family  is  described  in  Genera  Insectorum,  Fasc.  37 
(1906),  by  Stichel. 

9.  Acrceince,  This  is  a  small  sub-family  of  dull-coloured 
butterflies  of  moderate  size.  Their  distribution  is  mainly 
African.  They  are  described  by  Jordan  and  Eltringham  in 
Genera  Insectorum,  Fasc.  169  (1916). 

10.  Satyrince.  The  members  of  this  group  are  the  common 
Browns  and  Heaths,  which  are  found  all  over  the  world.  The 
butterflies  are  dull  in  colour  and  of  moderate  to  small  size. 
Their  powers  of  flight  are  usually  feeble. 

LYCiENID^. 

Fore -legs  slightly  reduced,  their  tarsi  in  the  male  consist- 
ing of  one  elongated  joint  with  a  single  claw.  The  claws 
not  toothed. 

Lyccenids  are  small  to  moderate-sized  insects.  The  most 
common  coloration  is  blue  for  the  upper  side  and  mottled 
grey  for  the  under-side,  though  other  colours  are  frequently 
found.  Not  infrequently  appendages  or  tails  are  present  on 
the  hind-wings. 


Fio.  110. — ^Larva  of  Lycaenid  {Zephyrus  betulcc).    ( X  2.) 


Lycsenids  are  found  all  over  the  worfd.  Upwards  of  2,000 
species  have  been  recorded,  of  which  eighteen  are  British. 

The  eggs  are  round  and  somewhat  flattened,  the  diameter 
being  greater  than  the  height.  They  are  laid  singly  and 
afiixed  to  the  food-plant.  The  larvae  are  slug-like,  being  short 
and  thickened  in  the  centre,  with  the  legs  and  sucker  feet 
hidden  beneath  the  body.  The  majority  are  herbivorous, 
but  a  few  species  are  wholly  or  partly  carnivorous,  feeding  on 
scale-insects,  aphides,  or  ant  larvae.  Those  that  consume  ant 
larvse  usually  possess  glands  in  the  posterior  portion  of  the 
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"body  wMcIl  yield  a  fluid  of  which  the  ants  are  fond.  Some 
species  (e.g.  Lyccena  arion  in  England  and  L.  alcon  in  France), 
feed  on  fohage  during  the  snmnieT,  and  in  \dnter  enter  ants' 
nests  and  feed  on  the  larvse  and  pupse.  Ii,  alcon  exhibits  the 
farther  peculiarity  of  only  passing  throngh  three  larval  ins  tars, 
instead  of  the  normal  six.  The  pupae  of  the  Lycsenids  are 
short  and  thickened,  usually  dark  brown  in  colour .  They  are 
normally  suspended  by  the  ciemaster  and  supported  by  a 
silken  girdle,  but  occasionally  the  girdle  is  absent. 

Hibernation  takes  place  usually  as  a  larva,  but  in  some  cases 
the  insects  pass  the  winter  in  the  egg  or  pupal  stage. 

The  sexes  can  be  distinguished  by  the  tarsi  of  the  fore-legs, 
which  consist  in  the  male  of  a  single  joint.  In  many  cases  the 
male  is  more  brightly  coloured  than  the  female,  but  there  are 
exceptions.  In  the  case  of  the  British  species,  Zephyrus 
betulce,  where  the  female  possesses  the  brighter  colours,  it  is 
interesting  to  note  that  in  coupling  the  male  is  carried  by  the 
female,  this  being  a  reversal  of  the  usual  procedure. 

The  family  has  little  importance  economically,  but  one 
species,  Virachcla  isocmtes,  is  a  pest  in  India.  The  larva  feeds 
on  the  fruit  of  guava  and  pomegranate.  Catochrysops pandavd 
is  a  minor  pest  of  Pigeon  pea  in  India,  while  LyctxTia  icarus 
occasionally  causes  very  slight  damage  to  fodder  crops  in 
Europe. 

Erycinidje  (Lemoniidce,  Nemeobiidce,  Biodmidce). 

Fore  -legs  on  the  female  perfect,  though  shortened  ;  in  the 
male  the  tarsi  of  the  fore -legs  of  one  joint,  without  claws. 

The  Erycinids  are  mostly  small  butterflies,  and  are  very 
rariable  in  coloration.  Many  of  them  are  of  similar  appear- 
ance to  the  lycaenids,  and,  as  in  that  family,  appendages  are 
often  present  on  the  hind-A\^ings. 

The  family  consists  of  about  1,000  species,  mainly  from 
tropical  South.  America  :  only  about  forty  species  occur  in  the 
Eastern  hemisphere,  of  which  one  is  British. 

The  eggs,  which  are  similar  in  shape  to  those  of  the 
Lycanidce,  are  laid  nsually  singly,  but  sometimes  in  hatches, 
on  the  food-plant.   The  larvae  vary  very  considerably,  but 
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many  of  them  resemble  the  Lyccenidm  in  being  thickened  in 
the  centre.  The  larvae  of  some  South  American  species  are 
gregarious.  The  pupa  is  short,  thickened,  and  usually  brown, 
and  is  suspended  head  downwards.  There  is  no  girdle  of  silk 
round  the  middle. 

Hibernation,  in  the  one  British  species,  takes  place  as  a 
pupa.  The  sexes  can  readily  be  distinguished  by  the  character 
of  the  fore-legs,  those  of  the  female  being  perfect,  while  those 
of  the  male  have  the  tarsi  reduced  to  one  joint,  without  claws. 

The  Erycinidce  are  of  no  economic  importance. 

The  following  fascicules  of  Genera  Insectorum  deal  with  this 
family : — 

No.  5,  1902  (sub-family  Libyiheinoe),  by  Pagenstecher,  and 
No.  112  (1910),  by  Stichel. 


HESPERIIDiE. 


Skippers. 


The  fore -legs  perfect  in  both  sexes,  with  a  pad  on  the  tibiae. 
The  antennae  gradually  thickened  to  a  club,  the  tips  usually 
hooked. 

The  Skippers  are  usually  small,  dully  coloured  butterflies, 
with  a  peculiar  darting  flight.   In  appearance  they  resemble 


Pig.  111. — Larva  of  Hesperiid  (Thotybea pylades). 
(Modified  from  Holland.) 


moths,  the  body  being  short  and  thick,  pointed  at  the  tip,  and 
large  in  proportion  to  the  wings.  The  antennae  do  not  bear  a 
proper  club,  being  thickened  towards  the  point,  with  the  tip 
usually  bent  over  to  form  a  hook.  When  at  rest,  the  wings 
are  not  held  vertically  above  the  body,  but  are  retained  half 
open  at  an  angle  to  the  body. 

The  distribution  of  the  family  is  world-wide.  Nearly  3,000 
species  are  known,  of  which  eight  are  British. 

The  eggs,  which  are  round  and  slightly  flattened,  are  laid 
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singly  on  the  food-plant.  The  larvae  are  tisually  bare,  and  are 
slightly  thickened  in  the  centre.  The  prothorax  is  constricted, 
which  gives  the  caterpillar  the  appearance  of  having  a  neck. 
The  larvae  of  this  family  make  much  greater  use  of  silk  than 
do  other  Rhopalocem,  and  frequently  spin  leaves  together  for 
concealment.  The  pupa  is  elongated,  with  a  spine  at  the 
posterior  end  of  the  body,  and  is,  in  most  cases,  enclosed  in  a 
rudimentary  cocoon  composed  of  a  folded  leaf. 

Hibernation  occurs  in  all  stages :  in  Britain  the  Skippers 
hibernate  as  eggs  or  larvse. 

In  some  cases,  the  sexes  can  be  distinguished  by  the  presence 
in  the  male  of  an  oblique  band  of  black  scales  on  the  fore-wing ; 
in  many  cases,  however,  sex  recognition  is  difficult. 

Hesperiids  are  of  slight  economic  importance.  One  species, 
Parnara  (Ghapm)  mathias  attacks  rice  in  India,  while  others, 
of  which  Hesperia  conjuncia  from  Java  will  serve  as  an  example, 
cause  injury  to  the  foliage  of  sugar  cane. 

Sub-Order  II.    HETEROCERA.  Moths 

Antennae  of  many  diverse  forms,  but  not  clubbed  ; 
frenulum  usually  present.  Heterocera  are  not,  as  a  rule, 
day -flying,  and  generally  pupate  in  a  cocoon. 

The  characters  of  the  Heterocera  are  not  well  defined,  and 
the  group  is  not  a  natural  one.  It  was  formerly  divided  into 
two  series,  macro-  and  micro-Iepidoptera  ;  although  this  was 
convenient,  it  had  no  scientific  justification,  and  this  method 
of  classification  has  been  abandoned,  though  the  term  micro- 
lepidoptera  "  is  still  frequently  used  as  a  comprehensive  name 
for  the  smaller  moths.  It  has  been  proposed  to  form  a  separate 
sub-order  of  the  two  families  Hepialidce  and  Micropterygidce, 
but  these  families  agree  only  in  the  primitive  character  of  the 
wings,  and  differ  widely  in  many  other  important  points. 

The  moths  are  usually  easily  distinguished  from  Rhopalocera, 
their  bodies  are  stouter,  their  antennae  are  not  clubbed,  and 
the  wings  are  not  held  vertically  above  the  body  when  at  rest. 
The  majority  of  moths  fly  in  the  dusk  of  the  evening,  and  their 
coloration  is,  as  a  rule,  less  brilliant  than  that  of  the  butterflies. 

There  is  an  enormous  amount  of  literature  dealing  with 
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Heterocera,  The  more  important  catalogues  are  referred  to 
in  the  introduction  to  the  order,  and  volumes  of  the  Genera 
Insectorum,  where  they  exist,  are  mentioned  under  the  families 
that  they  describe. 

SYNTOMiDiE  (Amatidce). 

Proboscis  well  developed.  Hind -wing  with  vein  8 
shortened  or  absent  and  vein  Ic  absent  ;  fore-wing  with 
vein  5  nearer  4  than  6. 

Syntomids  are  usually  small  moths  with  bright  coloration, 
freq[uently  with  transparent  patches  on  the  wings.  In  appear- 
ance they  are  very  similar  to  the  Zygsenids,  and  it  is  not  always 
easy  to  distinguish  the  two  families. 

The  moths  fly  by  day  ;  their  powers  of  flight  are  feeble,  and 
they  are  frequently  seen  resting  without  any  attempt  at  conceal- 
ment, so  their  colours  are  probably  warning.  Many  members 
of  this  family  mimic  Hymenoptcra.  In  these  mimetic  species 
the  wings  are  transparent  and  the  chief  colours  are  found  on 
the  body,  which  is  imusual  in  Lepidoptera. 

About  1,200  species  have  been  described,  chiefly  from  the 
Eastern  tropics.    There  are  no  British  species. 

The  eggs  are  round  and  upright,  with  the  micropyle  at  the 
top.  They  are  laid  in  clusters  on  the  food-plant.  The  larvae 
are  rather  elongated,  dull  coloured  as  a  rule,  and  clothed  in 
upright  tufts  of  hair.  The  pupa  is  dark  brown,  and  is  enclosed 
in  a  cocoon  of  silk  and  hair,  usually  on  the  surface  of  the  soil. 

The  family  has  no  economic  importance. 

Arctiidje  (Lithosiidce). 

Hind -wing  with  vein  8  anastomosing  with  the  cell  to 
near  or  beyond  the  middle  ;  then  remote  from  7  ;  vein  Ic 
absent ;  fore -wing  with  vein  5  nearer  4  than  6  ;  frenulum 
present ;  larva  hairy. 

The  Arctiids  are  usually  small  to  moderate-sized  moths, 
and  are  very  variable  in  coloration.  Most  species  are  night- 
flyers,  and  many  are  attracted  to  light  or  sugar. 

The  distribution  of  the  family  is  universal.  About  3,000 
species  have  been  recorded,  of  which  thirty-four  are  British. 
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The  eggs  are  laid  singly,  or  more  frequently  in  batches,  on 
the  food-plant.  They  are  rounded,  with  the  micropyle  at  the 
top.  The  larvae  are  densely  covered  in  hair,  which  is  uniformly 
placed  over  the  body  and  usually  brown.  Many  species  have 
no  particular  food-plant,  but  will  eat  any  low-growing  vegeta- 
tion that  may  be  present.  The  pupa,  which  is  dark  brown,  is 
enclosed  in  a  rough  cocoon  of  silk,  hair,  and  leaves.  Hibernation 
takes  place  as  a  larva  or  pupa,  in  this  country  usually  as  a 
larva. 

The  sexes  are  generally  similar  in  colour  and  appearance, 
but  in  many  cases  they  can  be  distinguished  by  the  antennae, 
which  in  the  males  are  pectinate. 


The  larvae  of  Arctiids  are  protected  from  birds,  with  the 
exception  of  cuckoos,  by  the  hairiness  of  the  body.  In  common 
with  other  lepidopterous  larvae,  however,  they  are  very  fre- 
quently attacked  by  hymenopterous  and  Tachinid  parasites. 

Arctiidce  are  divided  by  Hampson  into  three  sub-families  : — • 

i.  Arctiince.  Tiger  moths,  etc.  These  are  the  brightly 
coloured  Arctiids,  the  commonest  colour-scheme  being  red 
and  black  or  white  with  black  markings.  The  body  is  short 
and  stout,  and  the  proboscis  frequently  aborted.  The  larvse, 
as  a  rule,  feed  on  low-growing  plants. 

ii.  Lithosiince.  Footmen.  These  are  small  moths  of  dull 
colours.  The  wings  are  long  and  narrow,  the  body  slender, 
and  the  proboscis  well  developed.  The  larvae  feed  to  a  large 
extent  on  lichens. 


Fig.  112. — ^Larva  of  Arctiid  {Arctia  caia). 
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iii.  Nolince.  Small  inconspicuous  moths,  usually  resting 
on  the  hark  of  trees  during  the  day.  The  larvse,  which  feed 
principally  on  the  foliage  of  trees,  have  the  first  pair  of  sucker 
feet  absent. 

The  Arctiids  are  not  of  very  great  economic  importance, 
but  occasionally  some  members  of  the  Arctiince  do  considerable 
damage  to  low-growing  crops,  owing  to  their  omnivorous 
habits  and  their  rapid  rate  of  increase.  Tor  an  example  we 
may  mention  Spilosoma  lubricipeda,  the  Buff  Ermine,  which 
frequently  becomes  a  serious  pest  of  beet  foliage  in  Europe. 

Agaristid^. 

Hind-wing  with  vein  8  anastomosing  with  cell  at  base,  then 
remote ;  vein  Ic  absent ;  fore-wing  with  vein  5  nearer  4 
than  6  ;  frenulum  present ;  antennae  dilated  towards  the 
tip  ;  pupa  without  cocoon. 

Agaristids  are,  as  a  rule,  brightly  coloured,  day-flying  moths 
of  moderate  size.  One  species  of  the  genus  JEgocera  produces 
when  flying  a  clicking  sound,  by  means  of  a  special  structure 
on  the  fore-wing  which  rubs  against  spines  on  the  front  legs. 
The  family  is  a  small  one,  of  about  250  species,  none  of  which 
occur  in  Britain.  It  is  widely  distributed,  with  the  exception 
of  Europe. 

The  larvae  have  few  long  hairs,  and  lateral  tufts  of  short 
hair :  they  pupate  on  or  just  under  the  surface  of  the  soil, 
without  a  cocoon.  The  family  is  of  no  economic  importance. 
An  account  by  Janet  and  Wytsman  will  be  found  in  Genera 
Insectorum,  Ease.  16  (1903). 

NOCTUIDiE. 

Owlet-moths. 

Hind-wing  with  vein  8  anastomosing  with  the  cell  at  the 
base,  then  diverging  ;  vein  Ic  absent ;  fore -wing  with  vein  5 
from  nearer  4  than  6  ;  frenulum  present ;  antennae  not 
dilated,  of  moderate  length,  and  usually  simple. 

The  majority  of  the  Noctuids  are  of  moderate  size,  but  both 
very  large  and  small  moths  are  included  in  the  family.  The 
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colours  are  usually  sombre,  the  fore-wings,  which  are  narrow 
and  stiff,  being  cryptically  coloured,  and  the  larger  hind- wings 
are,  as  a  rule,  grey,  generally  of  a  lighter  shade  than  the  fore- 
wings.  In  many  species,  however,  the  hind-wings  are  brightly 
coloured.  The  antennae  are  of  moderate  length,  usually  simple, 
but  in  a  few  cases  pectinate  in  the  males.  In  most  cases  the 
proboscis  is  present  and  well  developed.  The  body  is  stout 
and  slightly  tapering :  it  is  thickly  clothed  in  scales  and 
frequently  tufted.  Noctuids  are 
almost  entirely  night-flying,  and 
most  species  are  attracted  by 
light  and  sugar. 

The  Noctuids  are  a  very  large 
family  with  a  world-wide  distri- 
bution. About  8,000  species  have 
been  recorded,  of  which  over  300 
are  British. 

The  eggs  are  rounded,  with  a  micropyle  at  the  top  :  they  are 
usually  pale  in  colour  and  ribbed  or  sculptured.  They  are 
deposited  on  the  food-plant  singly  or  in  batches  ;  in  the  latter 
case  the  batches  are  sometimes  covered  with  hairs  from  the 
base  of  the  abdomen  of  the  female  moth.  The  larvae  are 
mainly  smooth  or  covered  with  very  fine  hairs,  and  usually 
are  cryptically  coloured.   Five  pairs  of  sucker  feet  are  present 


Fig.  113.— The  Antler  Moth 
(Gharceas  graminis). 
A  typical  Noctuid  moth. 


Fig.  114. — Typical  Noctuid  Larva  {Barathra  brassicce). 
(After  Hargreaves.) 


in  most  cases,  but  in  a  few  species,  the  semi-loopers,  the  first 
two  pairs  are  reduced  or  absent.  The  majority  of  the  larvae 
feed  on  the  foliage  of  plants,  either  living  on  the  plant,  or,  in 
the  case  of  the  "surface  caterpillars,"  living  on  the  soil  and 
biting  off  the  young  shoots  of  low-growing  vegetation.  Some 
species,  however,  bore  into  the  stems  of  plants,  a  few  Boll- 
worms  feed  in  the  capsules  of  Malvacece  and  other  plants, 
and  the  larvae  of  one  genus,  Eublemma,  feed  on  Coccids. 
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Pupation  usually  takes  place  underground,  in  a  cell  of  hardened 
soil,  but  sometimes  in  a  cocoon  on  the  surface,  or  more  rarely 
on  the  food-plant.  Hibernation  takes  place  usually  as  larvae 
or  pupse  :  a  few  species  hibernate  as  adults. 

The  sexes  can  be  distinguished  in  a  few  cases  by  the  antennae, 
which  in  the  male  are  pectinate.  Sometimes  the  female  is 
larger  than  the  male,  but  in  the  majority  of  cases  sex  recog- 
nition is  difficult. 

An  enormous  number  of  Noctuids  have  been  reported  as 
pests,  many  of  them  being  of  the  first  importance.  The  pests 
fall  under  several  distinct  groups  : — 

i.  Surface  Caterpillars,  or  Cutworms,  Larvae  of  the  sub- 
family Agrotince,  which  live  on  or  just  under  the  surface  of  the 
soil  and  bite  off  the  young  shoots  of  low-growing  plants.  These 
larvae  are  cryptically  coloured  and  are  all  very  similar  in 


Fig.  115. — ^Larva  of  Noctuid  Semi-looper  [Euhlemma  olivacea), 

appearance.  Agrotis  ypsilon,  which  destroys  young  cotton 
plants  in  India,  and  other  crops  in  many  parts  of  the  world, 
will  serve  as  an  example.  Another  cosmopolitan  pest  of  this 
class  is  Agrotis  segetum.  Surface  caterpillars  are  controlled 
by  the  use  of  poison  baits,  or  by  spraying  the  young  plants 
with  a  stomach  poison. 

ii.  Army  Worms.  These  are  caterpillars  of  the  sub-family 
Hadenince,  which  occasionally  become  exceedingly  abundant, 
and  migrate  in.  swarms,  destroying  numerous  crops.  They 
are  particularly  destructive  to  corn  crops,  wheat,  maize,  etc. 
The  best-known  example  is  Leucania  unipuncta,  which  is  a 
cosmopolitan  species,  but  many  other  members  of  this  and 
other  genera  behave  in  a  similar  manner.  A  British  moth, 
whose  larvae  sometimes  appear  in  enormous  numbers,  is  the 
Antler  Moth,  Charceas  graminis,  of  the  same  sub-family.  This 
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moth  feeds  on  grasses  and  sometimes  causes  great  damage  to 
pastureland. 

lii.  Bollworms.  This  is  the  name  appUed  to  caterpillars 
which  attack  the  bolls  of  the  cotton  plant.  They  bore  into 
the  receptacle  and  consume  the  seeds,  annually  causing  immense 
damage  to  the  cotton  crop.  Of  the  five  most  serious  boll- 
worms,  four  belong  to  the  Noctuidce,    They  are : — 

(a)  Earias  fabia,  which  occurs  in  India. 

(b)  Earias  insulana,  from  India,  Egypt,  and  E.  Africa. 

(c)  Heliothis  armigera  (=  Ghloridea  obsoleia),  which  is  a 
cosmopolitan  insect,  but  attacks  cotton  only  in  the  United 
States. 

(d)  Diparopsis  castanea,  which  is  found  in  the  Sudan  and  in 
W.  Africa. 

The  first  two  are  both  known  as  the  Spotted  BoUworm ; 
they  belong  to  the  sub-family  Eras- 
tiince.    In  India  they  are  both  con-  /  Houe  w 

trolled  by  a  Braconid  parasite,  Bhogas  /  ^^^^^^^^^ 

lefroyi ;  in  Egypt  a  similar  parasite, 
JS.  kitcheneri,  is  found,  but  is  not  so 
effective.  A  third  member  of  the 
genus,  E.  chromataria,  does  not  attack 
cotton,  but  in  India  is  a  pest  of  jute 
and  cultivated  hibiscus. 

Heliothis  (Ghloridea)  armigera,  in 

the  United  States,  is  not  primarily  a   ^  ^        ^  • 

^      ^.  .      Fig.  116.— Cocoon  of  JS7ana5 

pest  of  cotton,  but  of  maize.   It  is  fahia,   (x  2.) 

only  by  the  third  brood  of  the  insect 

that  cotton  is  seriously  attacked,  the  maize-heads  then  being 
too  hard  for  the  larva  to  penetrate.  In  India  this  moth, 
which  is  a  member  of  the  sub-family  Agrotince,  feeds  in  the 
capsules  of  opium. 

Diparopsis  castanea,  the  Sudan  Bollworm,  is  a  member  of 
the  sub-family  Acronyctince.  It  causes  serious  damage  in  the 
Sudan  and  in  W.  Africa,  but  is  not  so  important  as  Earias  and 
Heliothis. 

iv.  Borers.  These  are  principally  members  of  the  genus 
Nonagria  (—  Sesamia) ,  of  the  sub-family  Acronyctince.  The  eggs 
are  laid  on  the  leaves  of  the  food-plant,  and  the  larvae  bore  in 
the  stems.   Their  chief  damage  is  done  to  cane,  but  maize, 
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wheat,  and  other  corn  crops  are  also  attacked.  Nonagria 
uniformis  is  the  best-known  example. 

V.  Leaf -eaters,  A  very  large  number  of  Noctuids  fall  under 
this  class  of  pest.  The  semi-loopers,  Cosmophila,  and  other 
genera  of  the  sub-family  Noctuinoe,  are  serious  pests  of  cotton 
and  jute,  as  well  as  other  crops.  Prodenia  litioralis,  a  cos- 
mopolitan insect  of  the  sub-family  Acronyctince,  will  attack 
many  crops,  including  tobacco,  flax,' and  cotton.  Many  members 
of  the  genus  Plusia,  sub-family  Plusiince,  are  pests,  particularly 
on  flax.  [Caradrina  is  another  genus  whose  members  cause 
immense  damage.  In  Britain  the  two  most  serious  pests  are 
Hadena  oleracea,  which  attacks  tomatoes  under  glass,  and 
Mamestra  ftm^^icoe,  which  attacks  cabbages  and  other  crucifers. 
Both  these  insects  belong  to  the  sub-family  Hadenina^. 

PTEKOTHYSANIDiE. 

Hind -wing  with  vein  8  approximated  to  7  at  the  middle  of 
the  cell ;  vein  Ic  absent ;  fore-wing  with  vein  5  nearer  4 
than  6  ;  frenulum  absent. 

These  are  large  day-flying  moths,  with  slender  bodies  and 
simple  antennae.  The  colouring  is  black  and  white,  and  the 
hind-wings  are  fringed  with  long  hairs.  Pteroihymnidat  consist 
of  a  single  genus  from  Eastern  India.  There  are  very  few 
species,  and  the  life-history  is  unknown.  They  arc  of  no 
economic  importance. 

Lymanteiid^  {Liparidce). 
Tussock  moths. 

Hind -wing  with  vein  8  connected  to  cell  by  a  bar  ;  vein  Ic 
absent ;  fore -wing  with  vein  5  nearer  6  than  4  ;  frenulum 
present ;  proboscis  aborted ;  larvae  hairy,  with  upright 
tufts. 

Lymantriids  are  small  to  medium-sized  moths,  the  coloration 
usually  dull.  They  are  usually  stoutly  built  moths  with 
antennae  of  moderate  length,  and  always  pectinate  in  the  male. 
In  no  case  is  the  proboscis  functional.   The  female  usually  has 
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an  anal  tuft  of  hairs  ;  in  a  few  cases  the  wings  of  the  female 
are  aborted.    The  majority  of  Lyniantriids  are  nocturnal. 

The  family  is  a  widely  distributed  one  of  about  800  species  ; 
of  these  ten  are  British. 

The  eggs,  which  are  round  and  slightly  flattened,  are  laid  in 


Fig.  117. — ^Eggs  of  Vapourer  Moth  {Orygia  antiqua).    (x  10.) 

batches  on  the  food-plant ;  often  they  are  covered  with  fur 
from  the  anal  tuft  of  the  female.  A  very  large  number  are 
laid  by  one  female.  The  larvae  are  hairy,  with  thick  upright 
tufts  along  the  body.  The  hair  from  these  tufts  is  often  barbed 
and  poisonous,  setting  up  a  considerable  irritation  if  it  enters 


Fro.  118. — A  typical  Lymantriid  Larva  of  Dafnjchira  pudibunda 
(about  nat.  size). 

the  skin.  In  a  few  cases  the  larvse  are  colonial,  forming  a 
common  web  or  tent  over  part  of  the  food-plant.  Pupation 
takes  place  in  a  loose  cocoon  of  silk  and  hair,  usually  on  the 
surface  of  the  soil  or  on  the  food-plant.  The  pupa  is  hairy, 
which  is  very  unusual :  the  hairs,  like  those  of  the  larvse,  are 
often  irritant.  Hibernation  takes  place  in  the  egg,  larval,  or 
pupal  stages  ;  in  this  country  principally  as  a  larva. 
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The  sexes  can  be  distinguished  by  the 
antennae,  which  are  pectinate  in  the  male ; 
in  many  cases  the  females  possess  an  anal 
tuft  of  hair,  and  occasionally  their  wings 
are  aborted. 

Lymantriids  are  not  an  important 
family  economically,  though  a  few  species 
are  serious  pests.  The  most  important  are 
probably  the  Browntail  (Euproctis  chrysor- 
rhoea)  and  the  Gipsy  (Lymantria  dispar), 
which  are  serious  pests  of  fruit  trees  in 
Europe  and  in  America,  particularly  in  the 
latter  country,  where  both  have  been  acci- 
dentally introduced.  Another  important 
insect  is  the  Black  Arches  (Lymaniria 
monachct)  which  occasionally  causes  serious 
damage  to  forest  trees  in  Europe,  particu- 
larly in  Germany.  All  these  three  species 
occur  in  England,  but  they  are  all  compara- 
tively rare,  and  none  can  be  regarded  as  a  pest. 


Fig.  119. — Cocoon 
of  Drinker  Moth 
(nat.  size). 


Hypsid-E  (Aganaidce). 

Hind -wing  with  vein  8  connected  to  the  cell  by  a  bar  ;  vein 
Ic  absent ;  fore -wing  with  vein  5  nearer  4  than  6  ;  frenulum 
present ;  proboscis  well  developed. 

Hypsids  are  usually  brightly  coloured  moths  of  moderate 
size  ;  they  are  day-flying  and  have  the  proboscis  well  developed. 

The  family  is  a  small  one,  and  its  distribution  is  confined  to 
the  tropical  and  sub-tropical  regions  of  the  East. 

The  eggs  are  laid  singly  or  in  batches  on  the  food-plant.  The 
larvae  are  brightly  coloured  with  few  hairs  ;  they  feed  by  day 
and  make  no  attempt  at  concealment.  Pupation  takes  place 
on  the  surface  of  the  soil,  in  a  flimsy  cocoon.  Hibernation 
usually  occurs  in  the  pupal  stage. 

The  sexes  can  sometimes  be  distinguished  by  the  form  of  the 
antennae  ;  in  most  cases,  also,  the  coloration  of  the  female  is 
brighter  than  that  of  the  male. 

Few  of  this  family  are  pests.    Three  members  of  the  genus 
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Argina  attack  Sann  Hemp  in  India,  feeding  on  the  leaves  and 
pods :  of  these  A,  cribraria  is  sometimes  a  serious  pest.  A  few 
species  of  Hypsa  occasionally  become  suiBEiciently  abundant  in 
India  to  defoliate  large  shade  trees. 

SPHINGIDiE. 

Hawk-moths. 

Hind -wing  with  vein  8  connected  to  cell  by  a  bar  at  the  base, 
then  approximated  to  7  ;  vein  Ic  absent ;  fore -wings  long 
and  narrow,  with  vein  5  from  the  middle  of  the  cell  or  nearer 
6  than  4  ;  frenulum  present ;  proboscis  well  developed ; 
antennae  short  and  thick.  Larva  smooth,  with  an  anal  horn, 
pupating  in  soil  without  cocoon. 

Sphingids  are  moderate-sized  to  large  moths,  of  very  charac- 
teristic appearance.  The  fore-wings  are  long  and  narrow, 
usually  cryptically  coloured :  the  hind-wings  are  small,  often 


Fig.  120. — Larva  of  Bphmgid  {Chcerocampa  elpenor)  (slightly  less  than 
nat.  size). 

of  much  brighter  coloration.  In  a  few  species  the  wings  are 
practically  transparent,  very  few  scales  being  present.  The 
body  is  very  stout  and  usually  pointed  at  the  tip,  though  in  a 
few  cases  it  is  furnished  with  an  anal  tuft  of  long  dense  hairs. 
The  antennae  are  short  and  stout,  and  frequently  hooked  at 
the  tip.  The  proboscis  is  well  developed,  and  frequently  of 
great  length,  in  some  cases  measuring  nearly  ten  inches. 
Sphingids  have  a  very  rapid  and  powerful  flight ;  most  of  them 
fly  at  dusk,  but  a  few  species,  the  Humming  Bird  moths,  by 
day.  They  do  not  settle  when  taking  nectar,  but  hover  over 
the  flower.  In  a  few  cases  the  moths  can  produce  a  shrill 
squeaking  sound,  possibly  by  forcing  air  through  the  proboscis. 
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Both  larvae  and  pupae  of  certain  species  are  also  credited  with 
the  power  of  producing  sounds. 

The  family  is  a  large  one,  with  a  world-wide  distribution. 
There  are  seventeen  British  species.  The  classification  and 
nomenclature  have  recently  (1907)  been  revised  by  Jordan  and 
Rothschild.  There  is  also  an  account  of  the  family  by  the 
same  authors  in  Genera  Inseciorum,  Fasc.  57  (1907). 

The  eggs,  which  are  rounded,  with  a  micropyle  at  the  top, 
are  laid  singly  on  the  food-plant.  The  larvae  are  very  large, 
and  are  usually  cryptically  coloured,  with  a  hornlike  process  on 
the  eighth  abdominal  segment.  Frequently 
large  eyespots  "  are  present  on  the  sides  of 
the  thorax,  presumably  in  order  to  frighten 
enemies.  The  caterpillar  of  Psefudosphinx 
tetrio  of  South  America  is  brightly  coloured 
in  red,  black,  and  yellow :  it  feeds  on  the 
foliage  of  a  tree,  and  is  a  very  conspicuous 
case  of  warning  coloration.  Just  before 
pupation,  some  larvae  become  brown  in 
colour,  as  otherwise  they  would  be  con- 
spicuous objects  when  they  crawled  to  the 
ground  to  pupate.  In  most  cases  pupation 
takes  place  in  the  soil,  in  a  cell  of  earth,  but 
occasionally  a  rough  cocoon  of  silk  and 
rubbish  is  constructed  on  the  surface  of 
the  ground.  The  pupa  is  dark  brown  ;  in 
some  cases  there  is  an  external  sheath  for 
the  proboscis.  Hibernation  usually  takes 
place  as  a  pupa  in  the  soil,  but  in  this 
country  one  species,  Macroglosea  stellaiomm,  has  been  re- 
ported to  spend  the  winter  as  an  imago.  The  sexes  can 
usually  be  separated  by  the  antennae,  which,  in  the  male, 
have  a  ciliated  chitinized  ridge  on  the  under-side  ;  this  character, 
however,  is  not  always  easy  to  distinguish. 

Sphingids  are  rarely  abundant,  but  there  are  species  which 
are  destructive  to  tobacco  in  the  United  States — Proioparce  5- 
maculatus  being  the  chief  offender- — and  to  sweet  potato, 
which  is  attacked  by  the  cosmopolitan  Herse  convolvuli. 
Coffee  in  Malaya  was  destroyed  by  the  larvae  of  a  Humming 
Bird  Hawk-moth. 


Fig.  121. — Pupa  of 
a  Sphingid  Moth. 
(X  i.) 
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CYMATOPHORiDJi]  {Thyatiridce,  Polyplocidce), 

Hind -wing  with  vein  8  not  connected  to  cell,  but  approxi- 
mated to  7  ;  vein  Ic  absent ;  fore -wing  with  vein  5  nearer 
6  than  4  ;  frenulum  present. 

These  are  small  moths,  which  in  appearance  and  habits 
resemble  the  Noctuids.  The  proboscis  is  well  developed,  and 
the  antennae  are  of  moderate  length.  The  body  is  short  and 
rather  stout. 

Cymatophorids  are  a  small  family,  but  are  widely  distri- 
buted, particularly  in  temperate  regions.  There  are  nine 
British  species. 

The  eggs  are  oval  and  ribbed  and  are  laid  singly  or  in  batches 
on  the  food-plant,  usually  on  the  edges  of  the  leaves.  The 
larvae  are  smooth,  usually  cryptically  coloured,  and  feed  at 
night,  resting  during  the  day  in  a  shelter  formed  of  leaves  spun 
together.  The  pupa  is  brown  or  black,  and  is  enclosed  in  a 
loose  cocoon  usually  placed  on  the  surface  of  the  soil  among 
dead  leaves.  Hibernation  takes  place  as  a  pupa  in  the  cocoon. 
Cymatophorids  are  of  no  economic  importance. 

EUPTEROTIDjE. 

The  hind -wing  with  vein  8  remote  from  7  ;  vein  Ic  absent ; 
fore -wing  with  vein  5  nearer  6  than  4  ;  frenulum  present; 
proboscis  aborted.  Larva  uniformly  hairy,  pupating  in  a 
cocoon  of  silk  and  hair. 

Eupterotids  are  large  moths,  usually  of  dull  coloration. 
The  antennae  are  of  moderate  length,  and  are  pectinate  in  both 
sexes,  but  the  pectination  is  much  more  pronounced  in  the 
male.  The  proboscis  is  aborted,  but  the  palpi  are  present 
and  are  hairy. 

The  family  has  a  world-wide  distribution,  occurring  princi- 
pally in  tropical  and  sub-tropical  regions.  There  are  no 
British  species. 

The  eggs  are  round,  and  are  deposited  usually  in  batches 
on  the  food-plant.  The  larvae  resemble  those  of  Arctiids, 
being  covered  with  a  uniform  clothing  of  dense  long  hairs.  In 
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many  species  the  hairs  are  barbed  or  poisonous,  and  cause 
great  irritation  if  they  enter  the  skin.  The  larvae  of  the 
majority  of  species  are  gregarious,  feeding  on  forest  trees. 
The  caterpillars  of  the  European  Processionary  moth,  Cneiho- 
campa  processionea^  which  feed  on  oak,  have  the  curious  habit 
of  moving  from  one  tree  to  another  in  orderly  wedge-shaped 
columns.  In  the  African  genus  Anaphe,  the  larvae  construct  a 
large  web-like  shelter,  beneath  which  they  rest  and  in  which 
they  later  pupate.  These  structures  are  said  to  attain  some- 
times a  length  of  several  feet.  The  larvae  of  the  South  American 
genus  Palustra  are  aquatic,  swimming  by  alternately  coiling 
and  straightening  the  body.  The  mode  of  respiration  is  not 
known,  but  air  is  probably  carried  amongst  the  hairs  of  the 
body.  A  few  species  pupate  under  water.  The  pupa  is 
enclosed  in  a  cocoon  of  hair  and  silk,  which  is  usually  attached 
to  the  food-plant.  Hibernation  takes  place  as  a  pupa  in  the 
cocoon. 

In  many  cases  the  sexes  can  be  distinguished  by  the  antennae, 
which  are  more  strongly  pectinated  in  the  male  than  in  the 
female. 

Eupterotids  are  of  very  slight  economic  importance.  None 
are  pests,  though  the  larvae  of  certain  species  may  cause  a 
small  amount  of  damage  by  the  defoliation  of  forest  trees. 
The  envelope  in  which  the  larvae  of  the  genus  Anaphe  spin 
their  cocoons  is  used  to  a  small  extent  for  silk  ;  but  the  silk  is 
coarse,  and  of  little  value. 


NOTODONTIDiB. 

Prominents. 

Hind -wing  with  vein  8  connected  to  7  near  the  middle  of 
the  cell ;  vein  5  obsolescent ;  vein  Ic  absent ;  fore -wing  with 
vein  5  nearer  6  than  4  ;  frenulum  present ;  proboscis  present. 

Notodontids  are  moderate-sized  to  large  moths,  generally 
dull  in  appearance,  brown  and  grey  being  the  commonest 
colours.  In  appearance  the  majority  resemble  Noctuids,  and 
like  the  members  of  that  family  they  are  nocturnal.  In  many 
cases  there  is  a  tooth-shaped  tuft  of  scales  about  the  middle 
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of  the  inner  margin  of  the  fore-wings  :  when  the  moths  are  at 
rest  these  tufts  are  brought  together  and  project  above  the 
general  profile  of  the  wings.  The  antennae  are  of  moderate 
length  and  are  frequently  bipectinate  in  the  males.  The  body 
is  fairly  stout,  long,  and  usually  tapering  :  there  is  frequently 
a  tuft  of  long  hairs  at  the  apex  of  the  abdomen.  The  proboscis 
is  present,  and  the  moths  will  come  to  sugar  patches  :  a  bright 
light,  however,  has  an  even  greater  attraction  for  them. 

Notodontids  are  a  large  family  with  a  wide  distribution, 
particularly  in  temperate  countries.  There  are  twenty-five 
British  species. 

The  eggs  are  laid  singly,  or  more  frequently  in  pairs  or 
batches  on  the  food-plant.  They  are  rounded,  and  usually 
whitish,  with  the  micropyle  at  the  top.  The  larvae,  which 
feed  principally  on  the  foliage  of  trees,  differ  very  largely  in 


Fig.  122. — ^Larva  of  Puss  Moth  {Dicranura  vinula)  (about  nat  size). 

appearance :  some  are  quite  normal,  with  few  hairs  and  five 
pairs  of  Sucker  feet ;  others  have  curious  processes  on  various 
parts  of  the  body  ;  and  in  a  few  the  body  has  undergone  more 
complete  modification.  The  two  chief  types  of  the  last  class 
are  Gerura  vinula,  the  Puss  Moth,  and  Staurojpus  fagi,  the 
Lobster,  both  of  which  occur  in  this  country.  In  the  former, 
and  in  the  larvae  of  allied  species,  the  body  is  stoutest  in  front, 
tapering  almost  to  a  point  at  the  apex,  which  is  held  in  the 
air.  The  anal  claspers  are  modified  to  form  a  pair  of  tubes, 
in  which  are  concealed  long  flexible  flagellae,  which  are  capable  of 
being  everted  with  great  rapidity.  The  larvae  of  Stauropus  and 
its  allies  are  even  more  curious  than  that  of  Gerura.  The  first 
five  segments  of  the  body  are  held  erect,  when  the  larva  is 
resting,  with  the  second  and  third  pairs  of  legs,  which  are 
extremely  long,  outstretched.  The  apex  of  the  abdomen, 
which  is  also  held  erect,  is  bulbous,  and  the  anal  claspers  are 
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represented  by  two  long,  slender  processes.  The  curious  form 
of  these  larvae,  as  well  as  the  unusual  attitudes  they  adopt, 
are  supposed  to  protect  the  insects  from  the  attacks  of  Ich- 
neumons and  other  enemies,  but  evidence  is  wanting  that  these 
larvae  are  less  parasitized  than  others  of  more  conventional 
form. 

The  pupa  is  brown  or  black,  and  a  tightly  woven  cocoon  of 
silk,  together  with  leaves  or  other  material,  is  formed.  It  is 
placed  on  the  food-plant,  in  crevices  in  bark,  or  on  or  under 
the  surface  of  the  soil.  In  this  family  two  devices  are  found 
to  aid  the  imago  in  escaping  from  the  cocoon.  In  some  species 
a  caustic  fluid,  which  softens  the  silk,  is  emitted,  while  in  others 
the  pupa  is  provided  with  sharp  processes,  with  which  an  exit 
hole  is  cut  out.  Hibernation  usually  takes  place  as  a  pupa  in 
the  cocoon. 

The  sexes  can  be  distinguished  as  a  rule  by  the  antennae, 
which  in  most  cases  are  bipectinate  in  the  male. 

Notodontids  are  of  slight  economic  importance,  one  species, 
Staurojpus  alternus,  being  a  very  minor  pest  on  tea  in  Ceylon. 

Geometrid^. 

Hind -wing  with  vein  8  usually  connected  with  7  at  the 
base  ;  if  not,  vein  5  fully  developed  ;  vein  Ic  absent ;  fore- 
wing  with  vein  5  nearer  6  than  4  ;  frenulum  present.  Larvae 
with  sucker  feet  reduced  to  the  last  two  pairs. 

Geometrids  vary  considerably  in  size,  but  the  majority  are 
rather  small.  The  wings  are  fragile,  and  are  cryptically 
coloured  as  a  rule  in  various  shades  of  grey,  with  patterns 
composed  of  wavy  lines,  which  in  most  cases  extend  across 
both  parrs  of  wings.  They  are  mostly  night-flying,  and  rest 
during  the  day  with  their  wings  open  and  pressed  down  on 
the  surface  on  which  they  are  settled.  Many  of  the  smaller 
ones  are  whitish  with  irregular  blotches  of  black,  and  in  this 
position  bear  a  close  resemblance  to  bird's  excrement.  A 
large  number  of  species  are  attracted  to  light  and  sugar.  The 
body  is  slender,  with  antennae  of  moderate  length,  often 
pectinate  in  the  males.  The  proboscis  is  usually  well  developed. 
In  a  few  species  the  females  are  wingless. 
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Fig.     123.—  A  typical 
Geometrid  Moth,  the 
Clouded  Border 
sj)ilisn\arginobta)  (rather 
more  than  nat.  size). 


The  Geometrids  constitute  a  very  large  family,  with  a 
world-wide  distribution.   There  are  about  270  British,  species. 

The  eggs  are  laid  singly  or  in 
batches  on  the  food-plant.  They  are 
round  or  oTal,  slightly  flattened,  and 
usually  ribbed.  The  laryse,  i^hich  are 
generally  brown  or  dark  green  in 
colour,  are  slender  and  elongate,  with 
the  sucker  feet  reduced  to  the  last  two 
pairs.  The  mode  of  progression  of 
the  larva  is  peculiar,  consisting  of 
an  alternate  advancing  of  the  front 
and  hind  portions  of  the  body,  the  body  being  first  extended 
to  its  full  length  and  then  raised  in 
the  form  of  a  loop.  This  habit  has 
given  rise  to  the  Latin  name  of  the 
family,  and  to  the  English  name  of 
"  Loopers "  for  the  caterpillars.  In 
America  the  larva  are  known  as 
Span-worms."  Pupation  usually 
takes  place  in  a  slight  cocoon  either  on 
the  food-plant,  or  on,  or  just  under- 
neath, the  surface  of  the  ground. 
Hibernation  usually  takes  place  either 
as  a  larva  or  a  pupa :  occasionally  as 
an  imago. 

The  sexes  can  in  many  cases  be  dis- 
tinguished by  the  antennae,  which  are 
pectinate  in  the  male  only.  In  a  few 
species  the  females  are  wingless. 

Geometrids  are  not  a  very  import- 
ant group  economically,  but  the 
family  contains  some  serious  pests. 
Boarmia  bhurmiim  is  sometimes 
abundant  on  tea  in  Ceylon,  occasion- 
ally causing  the  loss  of  an  entire  crop. 
In  this  country  Cheirmtobia  brumata, 
the  Winter  Moth,  and  allied  species, 
cause  a  great  deal  of  damage  to  fruit  trees.  The  eggs  are 
laid  in  winter  on  the  twigs  of  fruit  trees,  and  the  laryse  feed 


Fig.  124.—  Goometrid 
Larva  {Ourapterix  sam- 
brucarid). 
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on  the  young  foliage  in  April  and  May.  The  usual  remedy 
adopted  is  the  placing  of  "grease-bands"  round  the  tree 
trunks,  to  prevent  the  wingless  females  from  ascending,  but 
this  is  not  very  effective,  and  spraying  is  usually  necessary. 
This  pest  is  found  throughout  Europe  and  also  in  North 


Fig.  125. — ^Larva  of  Geometrid  {Nyb'sia  zonaria),    ( x  1  J.)  (Looper.) 


America.  The  chief  American  pests,  however,  are  the  Canker 
Worms,  Ahophila  pometaria,  and  Paleacriia  vernaia,  and  the 
Apple  Span  Worm,  Ennomos  subsignaria. 

Certain  sections  of  the  family  have  been  described  by  Prout 
in  Omera  Insectorum,  Fasc.  103,  104,  and  129,  1910-1912. 

Saturnudje. 

Wild  Silk  Moths. 

Hind -wing  with  vein  8  diverging  from  the  cell  at  the  base  ; 
vein  Ic  absent ;  fore -wing  with  vein  7  connected  to  8  and  9  ; 
vein  5  nearer  6  than  4  ;  frenulum  absent ;  proboscis  absent. 
Larva  usually  brightly  coloured  with  hair-bearing  processes, 
pupating  in  a  silken  cocoon. 

These  are  all  large  moths,  usually  brightly  coloured,  with 
eyespots  or  clear  patches  in  the  wings.  The  body  is  short 
and  stout,  and  the  wings  are  very  large  :  the  hind-wings  are  in  a 
few  produced  into  tails.  The  antennae  are  short  and  strongly 
bipectinate  in  the  male.  There  is  no  proboscis,  and  the  life 
of  the  perfect  insect  is  very  short.  Satumiids  are  usually 
nocturnal,  but  the  males  of  some  species  may  be  seen  flying 
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Fig.  126. — ^Larva  of  Satumiid  (Tussar  Silk  Moth — 
Anthercea  paphia)  (slightly  less  than  nat.  size). 


with  rapid  darting  movements  in 
attraction  is  very  marked  in  this 
family,  a  female  exposed  in  the  open 
attracting  many  males,  even  from  a 
considerable  distance.  This  phenome- 
non, which  is  found  in  several  families, 
is  known  as  assembling." 

Saturniidse  are  a  fairly  large  family, 
with  a  world-wide  distribution.  There 
is  one  British  species. 

The  eggs  are  rounded  and  smooth, 
and  are  laid  singly,  or  more  usually 
in  batches  on  the  food-plant.  The 
larvae  are  stoutly  built  and  frequently 
brightly  coloured,  with  a  series  of  pro- 
cesses, each  bearing  a  tuft  of  hairs, 
arranged  along  the  body.  The  food 
consists  in  the  main  of  the  foliage  of 
forest  trees.  The  pupa  is  dark  brown, 
and  is  enclosed  in  a  tightly  woven 
cocoon  of  silk,  from  which  the  moth 
emerges  either  by  emitting  some 
caustic  fluid,  which  softens  the  silk, 


bright   sunlight.  Sex 


Fig.  127. — Stalked  Cocoon 
of  Tussar  Silkworm. 
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or  else  through  a  cleverly  constructed  exit  hole,  which,  while 
allowing  the  moth  free  egress,  does  not 
permit  of  the  intrusion  of  enemies  from 
outside. 

The  sexes  can  easily  be  distinguished 
by  the  antennae,  which,  as  already  men- 
tioned, are  strongly  bipectinate  in  the 
male.  There  is  frequently  also  a  con- 
siderable difference  in  size,  the  females 
being  decidedly  larger  than  the  males. 
Hibernation  usually  takes  place  as  a  pupa 
in  the  cocoon.  The  economically  import- 
ant species  are  summarized  on  page  331. 


Fig.  128.— Pupa  of 
Attacus  ricini 
(nat.  size). 


BOMBYOIDJE. 

Hind -wing  with  vein  8  remote  from  7  and  connected  or 
approximated  to  the  cell ;  vein  Ic  absent ;  fore -wing  with 
vein  5  nearer  6  than  4  ;  frenulum  absent ;  proboscis  absent. 
Larva  smooth,  with  an  anal  horn  or  with  dorsal  processes. 

These  are  small  moths,  usually  of  dull  coloration,  with  the 
wings  and  body  very  densely  covered  in  scales.  The  antennae 
are  bipectinate  in  both 
sexes,  and  the  legs  short 
and  hairy.  There  is  no 
proboscis,  and  the  life  of 
the  imago  is  very  short. 

The  Bombycids  are  a 
small  family  of  less  than 
100  species ;  they  are, 
however,  widely  dis- 
tributed in  the  tropical 
and  sub-tropical  regions 
of  the  world.  There 
are  no  British  species. 

The  eggs  are  white  and  rounded,  and  are  laid  in  batches  on 
the  food-plant.  The  larvae  are  smooth  and  elongate,  and 
freq^uently  there  is  a  slender  horn  on  the  last  abdominal  seg- 
ment.  In  other  cases  there  is  a  series  of  dorsal  processes, 


Fig.  129. — Cocoon  of  Bomhyx  mori  (about 
nat.  size). 
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throughout  the  length  of  the  body.  The  pupa  is  enclosed  in 
a  silken  cocoon.  There  is  no  obvious  character  by  which  the 
sexes  can  be  separated,  but  in  many  cases  the  female  is 
considerably  larger  than  the  male.  Hibernation  in  the 
domesticated  species  {Bombyx  mori)  occurs  in  the  egg  stage. 

The  family  contains  one  very  important  species — Bombyx 
mori,  the  mulberry  silk  moth,  which  produces  the  bulk  of  the 
world's  supply  of  silk.  This  insect,  whose  life-history  is 
elsewhere  described,  is  probably  indigenous  to  China,  but  it 
has  been  domesticated  for  centuries  and  spread  throughout 
the  world.  It  may  still  occur  wild  on  the  slopes  of  the 
Himalayas,  far  up  the  valleys  of  Kashmir,  or  in  some  sub- 
montane area  in  that  part  of  the  world. 

Brahm^eid^. 

Hind -wing  with  vein  8  approximated  to  or  anastomosing 
with  7  ;  vein  1  c  absent ;  fore  -  wing  with  vein  5  nearer  6  than 
4  ;  frenulum  absent ;  proboscis  present ;  pupa  without 
cocoon. 

These  are  large  moths,  of  which  the  colours  are  usually 
sombre,  with  complicated  patterns  on  the  wings.  The  antennae 
are  bipectinate,  and  the  proboscis  present. 

The  family  is  a  small  one,  consisting  of  about  fifteen  species, 
which  arc  confined  to  the  warmer  regions  of  the  Eastern 
hemisphere.    There  are  no  British  species. 

Little  is  known  of  the  life-history  of  this  family.  The  larvae 
of  some  species  have  the  second  and  third  segments  swollen, 
and  in  some  eases  there  are  spines  on  the  anterior  part  of  the 
body.    A  cocoon  is  not  formed. 

Brahmeids  are  of  no  economic  importance. 

Ceratocampid^. 

Hind -wing  with  vein  8  diverging  from  the  cell  at  the  base  ; 
vein  Ic  absent ;  fore -wing  with  vein  5  nearer  6  than  4  ;  frenu- 
lum absent ;  proboscis  present ;  tibiae  with  spurs.  Larva 
usually  spiny,  pupating  in  the  ground  without  a  cocoon. 

These  are  medium-sized  to  large  moths,  and  are  mainly 
brightly  coloured.   The  body  is  short  and  fairly  stout :  the 
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antennse  short  and  pectinate.  The  prohoscis  is  always  present, 
but  in  some  cases  it  is  not  well  developed.  The  moths  are 
usually  nocturnal  in  habit,  and  a  bright  light  has  a  strong 
attraction  for  them. 

The  distribution  of  the  family  is  limited  ;  it  is  confined  to 
the  New  World,  most  of  the  species  occurring  in  the  tropical 
districts.    About  sixty  species  have  been  recorded. 

The  eggs  are  rounded,  and  are  deposited  singly  or  in  batches 
on  the  food-plant.  The  larvoe  are  usually  brightly  coloured  : 
they  are  without  hairs,  but  with  a  series  of  stout  bristles  or 
protuberances  arranged  along  the  body.  They  usually  feed 
on  the  foliage  of  trees,  and  pupate  under  the  surface  of  the 
soil.  A  cocoon  is  not  formed.  Hibernation  usually  takes  place 
as  a  pupa. 

The  sexes  can  frequently  be  distinguished  by  the  antennae, 
which  are  more  strongly  pectinate  in  the  male  than  in  the 
female. 

Ceratocampids  are  of  no  economic  importance. 


Uraniidje  (including  Epicopewhe  and  Epiblemida'). 

Hind -wing  with  vein  8  diverging  from  7 at  the  base;  vein 
Ic  absent ;  fore -wing  with  vein  7  remote  from  8  and  9,  and 
usually  stalked  with  6  ;  vein  5  nearer  6  than  4. 

The  moths  in  this  family  are  very  diverse  in  size  and 
appearance  :  some  are  small  and  dully  coloured,  while  otherH 
are  of  large  size,  and  possess  a  brilliant  metallic  coloration. 
In  many  cases  the  moths  resemble  Swalk)wtail  butterflies, 
having  a  similar  coloration,  and  similar  procosst^s  on  t\w 
hind-wings.  In  the  majority  of  species  the  wings  are  fairly 
large,  the  bodies  slender,  and  the  entennai  are  filiform. 

The  family  is  a  small  one,  but  is  widely  distributed  in  tho 
warmer  regions  of  the  world.   There  are  no  British  species. 

Little  is  known  of  the  life-history  of  this  family.  Tho 
larvae  vary  very  considerably  :  many  being  greatly  ornamentcsd, 
some  with  long  white  waxy  processes,  others  with  long  dark 
hairs  ;  others  again  resemble  noctuid  caterpillars,  except  for 
dorsal  fleshy  processes. 
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Pupation  usually  takes  place  on  the  surface  of  the  soil,  in 
a  thin  silken  cocoon. 

Uraniids  are  of  no  economic  importance. 

Fascicule.  16,  1903,  of  the  Oenera  Insectorum,  by  Janet 
and  Wytsmann,  deals  with  the  Epicopeiidce,  which  are  here 
included  with  Uraniidce. 


Bag  worms,  Case  weavers. 

Female  wingless  in  a  case.  Male  winged,  with  imperfect 
scales  ;  hind -wing  with  vein  8  free  or  connected  to  cell  by  a 
bar;  vein  Ic  present;  fore -wing  with  vein  Ic  present; 
proboscis  absent.   Larva  of  both  sexes  in  a  case. 

These  are  small  to  moderate-sized  moths  of  dingy  colours. 
The  scales  are  imperfect  and  there  are  no  definite  patterns 
on  the  wings.  The  an- 
tennae, in  the  male,  are 
bipectinate  ;  in  the  female 
they  are  aborted  or  absent. 
The  female,  which  remains 
in  the  larval  case,  is  wing- 
less, but  the  amount  of 
degeneration  with  regard 
to  the  other  appendages 
varies  considerably ;  in 
some  cases  the  legs  are 
well  developed,  but  in 
others  the  moth  has  be- 
come maggot-like,  the  legs 
being  absent  and  the  head 
much  reduced  in  size. 

The  family  is  a  largo 
one,  with  a  world-wide 
distribution :  there  are  nine  British  species. 

Copulation  takes  place  in  the  larval  case  of  the  female, 
the  male  inserting  its  long  flexible  abdomen  into  the  opening 
at  the  top  of  the  case.   The  female  lays  the  eggs  inside  the  case 

B  B 


Fio.  130. — ^Larva  of  Psychid  (Mafiaaena 
graminivora). 
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and  then  dies.  The  larvae  on  hatching  leave  the  parent  case, 
and  before  feeding  construct  cases  of  their  own,  from  pieces 
of  vegetable  matter  interwoven  with  silk.  So  hard  and  strong 
are  the  cases  that  they  are  frequently  mistaken  for  shells. 
The  structure  of  the  larvae  is  quite  normal,  and  it  moves  about 
readily,  dragging  the  case  with  it.  Pupation  takes  place  inside 
the  case.  The  pupa  of  the  male  is  normal;  that  of  the 
female  is  usually  without  wing-cases,  but  these  occur  in  the 
pupae  of  some  species.  Parthenogenesis  is  known  to  occur  in 
one  species  of  the  family.  Hibernation  usually  takes  place 
in  the  egg  stage. 

Although  one  or  two  species  have  been  reported  as  injurious 
to  certain  trees,  particularly  in  the  United  States,  there  are 
really  no  definite  pests  among  the  Psychidce. 

Heterogynid-SJ. 

Female  wingless  in  the  cocoon.  Hind -wing  with  vein  8 
free  or  connected  to  the  cell  by  a  bar  ;  vein  Ic  present ; 
fore -wing  with  vein  Ic  present;  proboscis  absent.  Larva 
free. 

This  is  a  family  of  one  genus  only,  Heterogynis,  from  the 
South  of  Europe.  The  male  moth  is  very  similar  in  appearance 
to  the  males  of  some  species  of  Psychids,  being  small  and 
dusky-coloured,  with  imperfect  scales.  The  female  is  destitute 
of  wings  and  appendages,  and  remains  in  the  cocoon,  where  the 
eggs  are  laid.  The  larvae  are  greyish  :  they  are  elongate  and 
taper  slightly  at  each  end.  The  pupa  is  dark  brown  or  black, 
and  is  enclosed  in  a  thin  oval  cocoon  of  grey  or  yellow  silk. 

Heterogynids  are  of  no  economic  importance. 

Abbelidjs. 

Hind -wing  with  vein  8  free  or  connected  to  the  cell  by  a 
bar  ;  vein  Ic  present ;  fore -wing  with  vein  Ic  absent  ; 
frenulum  absent,  proboscis  absent.  Larva  boring  in  trees 
or  bushes,  feeding  on  the  bark  and  pupating  in  the  bore. 

The  members  of  this  family  are  small  moths  of  dull  colours. 
The  body  is  long  and  slender,  and  frequently  is  tufted  with 
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hairs  at  the  apex.  The  antennae  are  of  moderate  length,  and 
are  bipectinate  in  the  male.  There  is  no  proboscis.  The  moths 
are  nocturnal  in  habit,  and  are  only  to  a  slight  extent  attracted 
to  light. 

Arbelids  constitute  a  small  family,  and  are  found  in  the 
tropical  and  sub-tropical  regions  of  the  Old  World. 

The  eggs,  which  are  oval  and  pale  green  in  colour,  are  laid 
singly  on  the  bark  of  the  food-plant.  The  larvae  are  dark 
and  smooth  ;  they  construct  a  short  tunnel  in  the  stem,  in  which 
they  rest  during  the  day  time.  At  night  they  leave  the  tunnel 
and  feed  on  the  bark  surrounding  the  entrance  hole,  underneath 
a  web  which  they  construct  of  silk,  macerated  bark  and 
excrement.  Pupation  takes  place  in  the  bore,  without  the 
formation  of  a  cocoon.  The  pupa  is  long  and  slender ;  the 
abdominal  segments  are  flexible  and  armed  with  hooks,  by 
means  of  which  the  pupa  can  move  freely  in  the  tunnel.  The 
winter  is  spent  in  the  larval  stage. 

The  sexes  can  be  distinguished  by  the  antennae,  which  are 
bipectinate  in  the  male  :  the  female  is  usually  larger  and  paler 
in  colour  than  the  male. 

Several  members  of  this  family  are  pests,  as  they  feed  on 
the  bark  of  fruit  and  other  useful  trees.  The  most  serious, 
however,  are  those  species  that  attack  tea,  of  which  Arbela 
(lea  is  the  most  important.  This  moth  annually  causes 
damage  to  tea  in  India,  and  no  satisfactory  means  of  dealing 
with  it  has  yet  been  discovered. 


ARGYROTYPIDjE. 

Hind -wing  with  vein  8  free  or  connected  to  the  ceil  by  a  bar ; 
vein  Ic  present ;  fore -wing  with  vein  Ic  absent ;  frenulum 
present ;  proboscis  absent. 

This  family  contains  but  three  species,  two  from  Mada- 
gascar and  one  from  Chili.  They  are  moths  of  moderate 
size,  with  slender  bodies  and  pectinate  antennae.  The 
life-history  is  unknown,  and  the  moths  have  no  economic 
importance. 
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Ratardid^. 

Hind  -wing  with  vein  8  free  or  connected  to  the  cell  by  a  bar  ; 
vein  Ic  present ;  fore -wing  with  vein  Ic  present ;  frenulum 
absent ;  proboscis  absent. 

This  family  contains  one  species  only,  Ratarda  marmoratay 
from  India.  This  is  a  slender  moth  of  medium  size  ;  it  is  dark 
in  colour,  with  slight  fringes  to  the  wings  and  with  pectinate 
antennae.  The  proboscis  is  absent.  The  life-history  is 
unknown,  and  the  moth  is  of  no  economic  importance. 

CossiDiE. 

Hind -wing  with  vein  8  free  or  connected  to  the  cell  by  a  bar, 
and  remote  from  7  ;  vein  Ic  present ;  fore -wing  with  vein 
Ic  present ;  frenulum  present ;  proboscis  absent.  Larva 
boring  in  wood  and  pupating  in  the  tunnel. 

These  are  moderate-sized  to  large  moths,  of  dull  colours, 
grey  or  brown  being  predominent,  with  vague  patterns  on  the 
wings.  The  wings  are  long  and  narrow,  with  the  scales 
frequently  imperfect.  The  antennse  are  short  and  usually 
bipectinate,  but  sometimes  simple  in  the  female.  There  is  no 
proboscis,  Cossids  are  nocturnal  in  habit,  and  are  attracted 
to  light. 

The  eggs  are  laid,  as  a  rule,  in  crevices  in  the  bark  of  trees. 
The  larvae  are  smooth,  but  occasionally  have  a  few  stiff  bristles 
scattered  along  the  sides.  They  are  whitish  or  pale  pink  in 
coloiu:.  The  larvae  of  certain  species  give  out  a  strong  odour, 
for  example,  Cossus  cossus  in  this  country,  of  which  the  larva 
has  a  smell  resembling  that  of  the  goat ;  the  moth  is  called 
the  goat  moth  in  consequence.  Most  of  the  larvae  tuimel  in 
the  wood  of  trees,  but  sometimes  dead  wood  is  also  attacked. 
A  few  species  bore  in  the  stems  of  reeds.  The  life-history  is 
slow,  the  larval  stage  frequently  occupying  several  years. 
The  pupa  is  dark  brown  and  is  enclosed  in  a  rough  cocoon 
of  silk  and  macerated  wood  inside  the  bore.  Hibernation 
takes  place  as  a  partially  grown  larva  or  as  a  pupa. 

The  sexes  can  usually  be  distinguished  by  the  size,  the  males 
being  markedly  smaller  than  the  females.   Li  addition,  the 
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antennae  of  the  male  are  more  strongly  pectinate  than  those 
of  the  female. 

Apart  from  slight  damage  caused  to  trees  grown  for  timber 
or  ornament,  certain  species  of  this  family  are  pests  as  they 
attack  the  stems  of  crop  plants.  The  most  important  is 
probably  Zmzera  cojfece,  which  bores  into  the  stems  of  coffee 
in  India  and  Java.  Gossus  cos,mfi  and  Zeuzera  pyrina  in  this 
country  occasionally  attack  fruit  trees. 

LASIOCAMPIDiE. 

Hind -wing  with  vein  la  reaching  the  outer  margin  ;  vein 
8  curved,  and  approximated  to  or  anastomosing  with  7  ; 
vein  Ic  absent ;  fore-wing  with  vein  5  nearer  4  than  6  ; 
frenulum  absent ;  proboscis  absent.  Larva  with  lateral 
tufts  of  hair,  pupating  in  a  cocoon  of  silk  and  hair. 

The  majority  of  the  moths  in  this  family  are  of  medium  size, 
though  some  are  large.  Brown  is  tho  predominant  colour. 
The  body  is  fairly  long  and  stout,  and  is  frequently  furnished 
with  an  anal  tuft  in  the  female.  The  antennae  aro  pectinate 
in  both  sexes,  but  more  strongly  so  in  the  male  than  in  the 


Fig.  131. — I^irva  of  I.*aHiocampi(l  {(kiHtropmlui  qucrcifolia).    (X  J.) 
(Ah  drawn  from  al>ovc,  neither  tho  legs  nor  Huckcr  iw.t  aro  vlHlblc.) 

female.  The  proboscin  is  absent.  Most  of  the  Lasiocampids 
aro  nocturnal  and  will  come  to  light :  the  males  of  a  few 
species  fly  rapidly  in  an  erratic,  darting  manner  in  bright 
sunlight.   Assembling  is  of  frequent  occurrence  in  the  fanculy. 

The  distribution  of  tho  family  is  world-wide  :  over  500 
species  have  been  described,  of  which  eleven  are  British. 

The  eggs,  which  are  round  and  slightly  flattened,  are  laid  in 
batches  on  the  food-plant,  either  on  tho  foliage  or  on  the  twigs. 
They  are  frequently  covered  with  hairs  from  the  anal  tuft 
of  the  female.   The  larvse  aro  elongate,  and  are  usually  brown 
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in  colour  :  they  are  armed  with  lateral  "  shaving-brush  " 
tufts  of  hair,  which  are  easily  detachable,  and  cause  great 
irritation  if  they  enter  the  skin.  The  caterpillars  are  often 
gregarious,  constructing  a  common  shelter  of  silk  under  which 
they  rest  by  day.  The  pupa  is  dark  brown  or  black,  and  is 
enclosed  in  a  cocoon  of  tightly  woven  silk  and  hair,  placed  on 
the  food-plant  or  on  the  surface  of  the  soil.  Hibernation  takes 
place  in  the  egg  larval  or  pupal  stage :  in  one  case  in  this 
country  the  imago  emerges  in  winter.  Occasionally  the  moths 
pass  several  years  in  the  pupal  stage. 

The  sexes  can  usually  be  distinguished  without  much 
dif5Sculty,  the  females  being  larger,  paler  in  colour,  and  with 
the  antennae  less  strongly  pectinate,  than  the  males. 

Certain  species  in  this  family  are  leaf -eating  pests,  the  most 
important  being  the  Lackey,  Malacosoma  neustria,  and  allied 
species,  on  apple.  The  larvae  of  these  moths  are  known  as 
Tent  caterpillars,  as  they  are  gregarious  and  spin  a  common 
web.  In  certain  years  they  abound,  and  completely  defoliate 
whole  orchards.  They  are  controlled  by  an  arsenical  spray, 
or  by  the  destruction  of  the  shelters.  The  Lackey  is  a 
European  moth,  but  similar  pests  of  the  same  genus  occur  in 
North  America.  These  moths  are  attacked  by  parasites, 
particularly  Tachinid  flies,  to  a  very  great  extent. 

Endromid^. 

Hind-wing  with  veins  connected  with  the  cell  by  a  bar  near 
the  base  ;  vein  Ic  absent ;  fore -wing  with  vein  5  nearer  4 
than  6  ;  frenulum  absent. 

This  family  consists  of  one  species  only,  Undromis  versicolor, 
the  Kentish  Glory.  It  is  found  throughout  central  and 
northern  Europe,  including  Britain. 

Endromis  is  a  large  moth,  brown  or  buff  in  colour,  with  two 
black  cross-luies  on  the  wings,  and  a  V-shaped  black  mark  in 
the  centre  of  the  fore-wings.  The  antennae  are  of  moderate 
length,  pectinated  in  the  male  and  slightly  so  in  the  female : 
the  proboscis  is  aborted.  The  males  fly  strongly  in  the 
sunlight,  but  the  females  do  not  become  active  until  night. 

Assembling  is  characteristic  of  this  species :  as  many  as 
a  hundred  males  have  been  observed  to  visit  one  female. 
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The  eggs  are  oval,  and  greenish-brown  in  colour  :  they  are 
laid  in  rows  on  twigs  of  birch.  The  larvae,  which  are  green, 
dotted  with  black,  are  stout,  tapering  forward  from  the  third 
abdominal  segment  to  a  small  head.  There  is  a  thick  horn-like 
prominence  on  the  last  segment.  When  young,  the  larvae  are 
darker  in  colour,  and  when  resting  cluster  on  the  twigs  of  the 
food-plant.  The  pupa  is  brown,  with  a  series  of  spines  on  the 
abdominal  rings  :  it  is  enclosed  in  a  tough  cocoon  which  is 
placed  generally  on,  but  sometimes  just  underneath,  the 
surface  of  the  soil.  A  few  days  before  the  emergence  of  the 
imago,  the  pupa,  by  means  of  its  abdominal  spines,  wriggles 
partially  out  of  the  cocoon.  Hibernation  takes  place  as  a  pupa 
in  the  cocoon. 

The  sexes  are  easily  distinguished :  the  males  are  smaller, 
darker  and  have  more  strongly  pectinate  antennae  than  the 
females,  and  are  day-flying. 

Endromids  are  of  no  economic  importance. 

Chrysopolomid^  . 

Hind -wing  with  vein  8  remote  from  7  and  anastomosing 
with  the  cell  ;  vein  Ic  present ;  frenulum  absent ;  palpi 
present. 

This  family  consists  of  one  African  genus,  with  but  few 
species.  The  moths  are  yellow  or  buff  in  colour,  and  are  of 
moderate  size.  The  bodies  are  short  and  rather  slender,  and 
the  antennaj  are  bipectinate.  The  life-history  is  unknown, 
and  the  moths  are  of  no  economic  importance. 

PEROPHORIDiE. 

Hind -wing  with  vein  8  free  or  connected  to  the  cell  by  a  bar  ; 
vein  Ic  present ;  fore -wing  with  vein  9  widely  separated  from 
8 ;  frenulum  absent ;  proboscis  absent.  Larvae  case- 
dwellers,  pupating  in  the  case. 

The  moths  belonging  to  this  family  are  of  medium  size, 
and  are  dully  coloinred,  usually  brown.    There  is  no  proboscis. 

The  family  is  a  small  one,  and  in  distribution  is  confined  to 
the  New  World,  chiefly  tropical  S.  America. 

The  eggs  are  laid  singly  or  in  batches  on  the  food-plant. 
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The  larvae  are  very  varied  in  form,  some  being  elongate,  and 
others  short  and  thickened.  In  most  cases  they  possess  a 
number  of  curious  appendages  on  the  head.  These  are  short 
and  slender,  and  their  function  is  unknown.  All  the  larvae 
live  in  cases,  which  they  carry  about  when  feeding  :  when  at 
rest  they  usually  attach  the  cases  to  the  food-plant  by  silken 
threads.  They  will,  however,  readily  leave  their  cases  if 
alarmed.  The  cases  are  usually  constructed  of  leaves,  which 
are  folded  and  spun  together  with  silk:  in  one  species, 
PeropTiom  sanguinolenta,  the  case  is  constructed  of  the 
caterpillar's  excrement.  Pupation  takes  place  inside  the  case  : 
the  pupa  is  capable  of  movement  and  has  rows  of  spines  on 
the  abdominal  segments. 

Perophorids  are  of  no  economic  importance. 

Megalopygid^  (Lagoidce). 

Hind -wing  with  vein  8  remote  from  7  and  anastomosing 
with  the  cell ;  vein  Ic  present ;  frenulum  absent ;  palpi 
absent.   Larva  with  7  pairs  of  sucker  feet. 

This  family  is  a  small  one,  and  is  confined  to  the  New  World, 
being  found  chiefly  in  tropical  S.  America. 

The  moths  are  small  and  of  light  colours,  yellow  or  buff 
being  predominant.  The  bodies  are  stout  and  thickly  covered 
in  hairs  :  there  is  frequently  an  anal  tuft  in  the  female.  The 
antennae  are  of  moderate  length  and  are  bipectinate. 

The  larvae  are  elongate,  and  possess  seven  pairs  of  sucker  feet 
instead  of  the  usual  five.  They  are  covered  with  long  silky  hair, 
and  in  some  cases  are  also  furnished  with  poisonous  bristles. 
Pupation  takes  place  usually  underground  in  a  tight  cocoon 
fiu^nished  with  a  trap-door  for  the  emergence  of  the  imago. 

None  of  the  Megalopygids  are  of  economic  importance. 

LiMAConiD^  {Eudeidce  ;  Heterogeneidce  ;  Cochlididce). 

Hind -wing  with  vein  8  distinct  from  7  and  anastomosing 
with  the  cell ;  vein  Ic  present ;  frenulum  present.  Larvae 
slug -like,  without  sucker  feet. 

These  are  mainly  small  moths,  usually  dull  brown  in  colour, 
but  occasionally  apple-green.    The  body  is  short  and  the  wings 
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rounded.   There  is  no  proboscis.    Tte  moths  are  night-flying. 

The  distribution  of  the  family  is  wide,  but  mainly  tropical : 
about  400  species  are  known,  of  which  two  are  British. 

The  eggs  are  oval  and  flat,  and  are  laid  usually  in  batches 
on  the  food-plant.  The  larvae  vary  greatly  in  appearance, 
but  are  always  destitute  of  sucker  feet  and 
have  the  thoracic  legs  much  reduced.  In 
some  species  the  caterpillars  have  a  series 
of  protuberances  on  the  body;  in  other 
cases  they  are  covered  with  a  thick  skin, 
which  hides  all  traces  of  segmentation ; 
while  in  others  again  they  are  clothed  with 
spines,  which  in  many  tropical  forms  are 
developed  to  an  enormous  extent,  and  are 
freq^uently  poisonous.  The  general  shape  of 
the  larva  is  short  and  oval,  and  the  head  in  i32.--Limaco- 

, . ,     rni  •        IT        did  Larva  [Parasa 

many  cases  is  retractile.  The  pupa  is  enclosed  icj)ida).  ( x  3.) 
in  an  oval  cocoon  of  silk,  which  is  generally 
placed  among  the  leaves  of  the  food-plant.  The  cocoon  is 
provided  with  a  definite  lid,  which  is  pushed  open  by  the  pupa 
before  the  emergence  of  the  moth.  Hibernation  usually 
occurs  as  a  full-grown  larva  in  the  cocoon.  The  family  has 
little  economic  importance :  a  few  species,  however,  are 
minor  pests.  Among  these  we  may  mention :  Belippa  laleana, 
which  feeds  on  Cinchona  in  India;  JS.  albiguttata,  on  tea  in 
Java  ;  and  Parasa  virida,  which  injures  coSee  in  British 
E.  Africa. 

Daloebidje. 

Hind- wing  with  vein.  8  free  or  connected  to  the  cell  by  a  bar 
and  remote  from  7  ;  vein  Ic  present ;  fore-wing  with  vein 
Ic  present ;  frenulum  present ;  hind- wing  extending  beyond 
the  abdomen  ;  proboscis  absent. 

This  is  a  small  family  peculiar  to  the  neotropical  region. 
The  moths  are  of  small  to  medium  size,  and  usually  of  dull 
colours.  They  are  day-flying.  The  body  is  short,  and  the 
hind-wings  are  wide  and  extend  beyond  the  apex  of  the 
abdomen.  The  antennae  are  pectinate,  and  there  is  no 
proboscis. 
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The  larvae  of  only  two  species  appear  to  be  known.  Of 
these,  one  is  pale  green  and  the  other  is  white  and  translucent. 
They  resemhle  the  larvse  of  the  Limacodids,  the  abdominal 
feet  being  absent  and  the  movement  like  that  of  a  slug.  The 
body  has  a  series  of  small  protuberances,  which  break  off  at 
the  slightest  touch. 

The  species  of  this  family  are  described  by  Dyar  {Proc.  Ent, 
Soc.  Wash.  1910,  p.  113). 

Neocastniid^. 

Hind- wing  with  vein  8  free  and  remote  from  7  ;  vein  Ic 
absent ;  fore- wing  with  vein  5  nearer  4  than  6  ;  proboscis 
absent ;  antennae  clubbed. 

This  family  consists  of  three  species  only,  from  the  warmer 
regions  of  the  East.  They  are  large  moths,  resembling  butter- 
flies of  the  family  Nymphalidce  in  appearance.  None  are  of 
any  economic  importance,  and  their  life-history  is  unknown. 

Cast^hd^,  • 

Hind- wing  with  vein  8  free,  diverging  from  the  cell  at 
the  base  ;  antennae  clubbed  ;  proboscis  present ;  frenulum 
present. 

The  Castniids  constitute  a  small  family  whose  members 
are  confined  to  S.  America  and  Australia.  In  size  they  are 
very  varied,  ranging  from  small  to  very  large  forms.  They 
resemble  Rhopalocera  in  appearance  and  habit,  but  can  readily 
be  distinguished  from  that  group  by  their  possession  of  a 
frenulum.  The  antennse  are  long,  and  are  clubbed  or  hooked 
at  the  tip.  The  larger  forms  are  dark  with  paler  markings, 
and  resemble  the  Nymphalids.  The  smaller  ones,  belonging 
to  the  Australian  genus  Synemon,  resemble  the  Hesperiids. 
They  fly  over  grass-land  in  hot  sunshine,  and  rest  with  their 
wings  folded  vertically  over  the  body. 

So  far  as  is  known,  the  larvae  bore  in  the  stems  of  plants. 
The  life-history  of  one  species  only,  Castnia  liens,  has  been 
studied  in  detail.  This  is  a  large  insect  which  is  a  pest  of 
sugar-cane  in  B,  Guiana  and  in  some  parts  of  the  W.  Indies, 
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^-^d  ixi  Trinidad  also  attacks  banana.  It  causes  serious 
^0,mage  as  the  larva  is  of  large  size,  and  constructs  a  corre- 
^-^ondingly  large  tunnel.  The  eggs,  which  are  oval  and  pointed 
^>tf  ^ach  end,  are  laid  singly  inside  the  leaf -base  of  the  plant. 
rj^Jxe  larvae  on  hatching  tunnel  into  the  stem,  and  when  full 
^jrown.  pupate  inside  the  tunnel  in  a  cocoon  of  silk  and  wood- 


Ei;SCHEM0N"IDi5!. 

Hind- wing  with  vein  Ic  absent ;  fore- wing  with  vein  5 
j^earer  6  than  4  ;  frenulum  present  ;  antennae  clubbed. 

This  family  consists  of  one  species  only,  Euschemon  rafjUesicBy 
fxorn  Australia.  It  is  a  medium-sized  moth,  dark  in  colour, 
v^ith  light  patches,  and  with  long  antennse.  In  appearance 
i-t>  is  very  similar  to  a  large  Hesperiid  butterfly,  and  is  a  day- 
flying  insect.  It  is  of  no  economic  importance,  and  its  life- 
iTtistory  is  xinknovn. 


Burnets. 

Hind- wing  with  vein  8  approximated  to  the  cell  and  con- 
n&ct^d  to  it  by  a  bar  ;  vein  Ic  present.  Proboscis  usually 
^present.  Middle  spurs  of  hiad-tibi»  very  short  or  absent. 

The  Zygsenids  comprise  a  large  family  and  are  widely 
distributed  in  both  tropical  and  temperate  regions.  There 
o^re  ten  British  species.  The  moths  are  mainly  diurnal  in 
Iriabit.  The  family  is  divided  into  three  sub-families,  which 
differ  largely  in  appearance.  The  Zygceninoe,  to  which  all  the 
■fcemperate  and  a  large  number  of  the  tropical  species  belong, 
^xre  small  moths  with  stout  rounded  bodies.  The  colours  are 
"bright,  combinations  of  red,  hlact  and  green  being  the 
oonmmonest.  The  antennae  are  long,  slightly  thickened  and 
laooked  at  the  tip,  and  are  not  pectinate.  The  proboscis  is 
^ell  developed.  The  CMlcosiincB  are  large  moths  with 
3)ectinate  antennse  and  a  i^ell-developed  proboscis.  The 
<ioloration  is  bright,  and  the  moths  frequently  mimic  protected 
iBpecies  of  other  famihes.    This  sub-family  contains  a  large 
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number  of  specicR,  but  in  confiruMl  to  thc^  warmer  regions  of 
the  East.  The  third  Hub-family,  Phavdina\  vomMH  of  a 
nurabcr  of  small  moths  from  India  and  Africa.  'V\w  HcaleHon 
the  wings  arc  imi)crf(^ct,  and  the*  hind- wings  areofi<»n  reduced 
to  a  long  slender  tail.    The  mouth-parts  an^  absent. 

The  eggs  are  hiid  singly  or  in  batches  on  th(*  food-plant, 
usually  on  the  under-sid(^  of  the  leaf.  Th(»y  are  flattenc»d, 
slightly  oval,  and  pale  in  colour.  The  larvje  are  short  and  stout, 
being  thickest  in  the  eentre.  Usually  th(*y  an*  of  dingy 
colours,  and  are  sparsely  cover(»d  with  short  hairs.  Th(»ir 
legs  and  sucker  feet  are  small  and  their  mov(*m(*nts  sluggish. 
The  pupa  is  soft  and  black,  and  is  <!apabl(»  of  more  movem(»nt 
than  is  usual  among  Lepidoptmi,  It  is  <»nel(>sed  in  a  hard 
silken  cocoon,  which  is  usually  attaeh(*<l  to  tin*  food  plant 
and  from  which  it  wriggl(^s  out  b(^fon^  the  <»m<Tg<*nee  of  the 
moth.  Hibernation  as  a  rule  takers  {)l4iee  as  a  partially  grown 
larva. 

Zyganiids  an?  not  of  great  economics  importance;  a  few 
species,  how(^ver,  are  fx^sts,  tlu*  most  important  lH»ing  those 
which  attack  tea  in  India  and  (V*ylon.  Th(\se  p(*sts  an*  knuwu 
as  Red  Slug  caterpillars  and  Ix^long  to  the  genus  IlvUruHia. 
The  suggested  rcnuHlies  are  the*  hand  collcH^tion  of  the  adults 
and  larvfe,  and  the  segn^gation  of  infected  bbn-ks  by  means 
of  wood-ash  rings  placed  round  the?  tn^es. 

BrmJiarUma  mtoxantha  occtasionally  beconh^s  a  scTious  [K»Ht 
of  coconuts  in  Malay.  This  pest  will  produc^e  five  hnMnls 
in  a  season,  so  it  is  im{)ortant  to  deal  effectively  with  it  on 
its  first  appearance.  The  r(?m<*dies  suggt^sted  an?  the  han<! 
collection  of  the  eggs  and  of  tlio  aclults,  and  a  kiTOHeni> 
emulsion  spray  for  the  larva?. 

CAhhU)VhU}M. 

Hind-wing  with  vein  8  curved,  with  a  prccostal  spur,  and 
approximating  to,  or  anastomosing  with  7,  or  connected  to 
it  by  a  bar  ;  vein  Ic  absent ;  fore -wing  with  vein  5  nearer  4 
than  6  ;  frenulum  absent  or  rudimentary. 


This  is  a  small  family  of  some  fifty  sjK^cies,  which  are  found 
in  the  Malay  Archipelago  and  in  Eastern  India.    The  moths 
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arc  of  medium.  Bizo  and  slorukr  build ;  thoy  are  day-flylrig  and 
in  ai)pearan<ie  rosemblc  Luik^rflicss.  The  anteimjc  arc  of 
medinna  length ,  and  Bimpio ;  tlio  i)aIj)H  arc  long.  In  xaowb 
(;as(^8  the  frcnulvua  in  abnent,  hut  in  a  few  spccioH  it  is  proHont 
in  a  rudimentary  condition.  JNothiiig  is  known  of  tho  life- 
hiHtory  of  the  nienil>cTrt  of  tliLs  family.  TlK^y  aro  of  no 
(H'.onoinic  imj)<)rtaiKu\ 

I )itiCPA N f ( J)'re.pmi'HiiU(r), 

H(K>k-t  i|>H. 

Hind -wing  with  vein  8  curved  amd  approximating  to  or 
anastomosing  with  7  or  connected  to  it  by  a  bar  ;  no  precostal 
spur  ;  vein  la  sibsent  or  reduced,  vein  Ic  absent;  fore-^ving 
with  v^in  5  nearer  4  than  6 ;  frenulum  present ;  proboscis 
aborted.  Larva  v^ithout  anal  claspers. 

ThiK  family  oontainK  about  150  KpocicH,  wliic5h  arc  videly 
distributed  throughout  tho  w'orld,  hut  nvv.  particularly 
churacteriKtio  of  Hul)-tr<)pioal  forcKt  areas.  In  Britain  tlnoro 
ar<^  Hix  sj)eci(*K. 

The  rnothn  arc  winall  or  of  nxcdiinn  nizo  with  nlc^iKh^r  bodicH 
and  lurgo  win^^H.  i<rcqu(*utly  th(^  af>iceH  of  thc^  foro-wingn 
an*  poinivd  and  ourvcd  (h)wnw'ardH,  wlii(;h  giv(Ns  to  tho  mothn 
th(*ir  Kn^dinh  naiiu^  of  H(jok-tips.  Tlioro  in  coiiHuhmhlo 
variety  iuth(^  e^jlorat ion, •sliaiU'S of  brown  vvitli  hla<!k  niarkingH 
hf*iii^  the  ociuitnoiKNst  form.  Not  infn?<iu(^ntly  tlio  HoabH  are 
iiii{K*rf<*otly  d<*veIcjiM;d.  Thc^  aiit(*uua^  arc^  of  mod<Tat<i  leugtii 
and  Honi<*tim<*H  pc^ctinate  in  th(^  niak^.  rh<}  j>rol>()«ciH  in 
nhort(»d,  Thc^  muthH  fiy  hy  night,  th<^  flight  Ixdug  rapid  and 
irratic; :  tlicy  nHually  pn^fer  w<)(>d(*d  or  forent  diHtricts.  Thoy 
are  attracte<l  to  light. 

The  c?ggH  are  oval  un<l  are  laid  wingly  or  in  Hinall  l>at(jh(^H 
on  tht^  f<KKl-phint,  which  in  uHiially  the  fohago  of  tro(^H.  Tlio 
larva?  are  |HecuIiar,  tlu?  anal  olaHiK^rn  heing  fibnont  and  tho  body 
t<*rniirjating  in  a  pointed  proccnn.  Thoy  are  deHiitutc  of  iiairn, 
hut  fn*querii!y*  briHtle-hoaring  praooHHe^B  aro  i)reHcuit  on  tho 
Hc^gnieiits.  Thcj  pupa  in  <krk  browu  and  in  oncl(;H<jd  in  a 
wilkeu  ctmHm  Kpiin  up  hi  tlio  foliago  of  tho  fo(>d-jf)lant. 
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Hibernation  usually  occurs  as  a  pupa  in  the  cocoon,  wliiclii 
generally  drops  off  with  tlu^  leaves  to  which  it  is  attuch(»(i, 
and  remains  during  the  wintcT  on  the  ground. 
The  family  has  no  cconomicj  inlpo^tanc(^ 


TlIYUIDrDiK. 

Hind -wing  with  vein  8  curved  and  approximating  to  or 
anastomosing  with  7,  or  connected  to  it  by  a  bar  ;  no 
precostal  spur ;  vein  la  reaching  tornus  ;  vein  Ic  absent  ; 
fore -wing  vein  5  nearer  4  than  6  ;  frenulum  present. 

This  is  a  small  family,  but  has  a  wide  distribution  in  trojiieal 
and  sub-tropical  regions.  IFhen^  an*  no  British  s{K'(;ieH.  Thv 
moths  are  small  to  medium-sized,  and  vary  considiirablo  in 
colour  and  form.  As  a  rul(^  ihvy  an^.  slender  insc^jts,  and  many 
have  hyaline  patches  on  th(^  wings.  The  ank*rnue  an^  of 
moderate  length  and  are  not  p(»ctinatc» :  tlie  palpi  are  Kl(»nd<T 
and  upturned. 

Little  is  known  of  th(^  life-Jiistory.  Thc^  larva*  that  havi* 
been  dencribed  resemble  thosc^  of  the  Pi/ralidfr,  having  f(»\v 
hairs  and  five  pairs  of  sucker  fet*t.  Many  an^  internal  f(*edi*rH, 
boring  in  stems  or  roots.  Th(*  family  has  no  econonu<t 
importance. 

J^'RALID/K. 

Hind-wing  with  vein  8  approximating  to  or  anastomosing 
with  7  ;  vein  Ic  present ;  labial  and  maxillary  palps  usually 
well  developed  ;  proboscis  present  or  absent. 

This  family  contains  an  enormous  numl)er  of  HiH*ei(*H. 
Everywhere  abundant,  they  are  mor(*  (;haractt»risticj  of  tropical 
than  of  temi>eratc  regions  :  in  Britain  then^  an^  ir>:i  s{hhu(»h. 

The  moths  are  usually  small,  fc^w  attaining  a  wing-npan  of 
more  than  an  inch  and  a  half.  The  colours  an^  variecl,  but  dull 
browns  or  greys  are  the  most  frequent,  l^yralids  as  a  ruli* 
are  slightly  built  moths,  with  sl(*nder  bodies,  long  narrow 
wings  without  fringes,  and  long  tliin  li^gn.  The  ant<mrui»  aw 
simple — sometimes  ciliate  and  more  rarely  |>ectinate  in  the 
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males.  The  palps  are  well  developed  :  the  proboscis  small  and. 
often  absent.  There  is  no  general  rule  for  sex  determination. 
The  colours,  as  a  rule,  are  similar  in  the  sexes,  but  the  males 
may  be  distinguished  sometimes  by  the  character  of  the 
antennae^  by  tufts  on  the  wings  or  legs,  or  by  their  size. 
Usually  the  moths  are  night-flying  and  will  come  to  light :  they 
rest  during  the  day-time  with  wings  wrapped  round  or  crossed 
flat  over  the  body.  The  moths  of  one  genus,  Acentro;pus,  are 
aquatic  :  entirely  so  in  the  female  and  partially  so  in  the  male. 
The  males  fly  feebly  over  water ;  the  females,  whose  wings  are 
reduced  or  absent,  come  to  the  surface  for  coupling  and  take 
the  males  down  with  them. 

The  life-history,  except  as  regards  the  food  habits  of  the 
larvae,  is  fairly  uniform.  The  eggs  are  round  or  oval,  flat  and 
scale-like,  and  are  deposited  singly  or  in 
batches  on  the  food-plant,  in  a  few  cases 
the  batches  being  covered  with  scales  or 
hairs  from  the  anal  tuft  of  the  female. 
The  larvae  are  elongated  and  cylindrical, 
usually  greyish  in  colour,  and  with  few 
hairs.  There  are  five  pairs  of  sucker 
feet  on  which  the  hooks  are  arranged  in 
a  circle.  The  larvae  usually  feed  in  con-  ^lo.  133.-— Eggs  of 
cealment :  when  disturbed  they  can  (x 
move  very  rapidly,  either  forwards  or 
backwards.  The  larval  habits  are  very  diverse.  Many  web 
leaves,  others  bore  in  stems  or  roots,  a  few  are  aquatic,  while 
others  again  live  in  grain  or  flour,  and  some  feed  on  the  wax 
in  beehives.  Most  frequently  the  pupa  is  chestnut  brown, 
and  capable  of  slight  movement.  It  is  enclosed  in  a  silken 
cocoon,  from  which  it  is  not  protruded  at  the  emergence  of 
the  moth.  Hibernation  usually  takes  place  as  a  fully  fed 
larva. 

The  family  contains  many  pests,  the  most  destructive  being 
the  stem-borers.  The  more  important  harmful  species  are 
mentioned  under  their  respective  sub-families.  There  is  no 
uniform  classification  of  the  family.  Meyrick  in  his  group 
Pyralidina  recognizes  nine  families,  including  three,  the 
Thyrididce,  the  Orneodidce,  SbXid  the  Pterophoridce,  which  are  here 
treated  separately* 
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Phycitince  {^--Phycituhv.,  Mcyr). 

ThcRC  arc  Hmall  moths  v/iih  narrow  wiiigH,  uKually  grey  in 
colour,  -which  arc  wraj)])(*(l  tightly  round  the  hody  when  at 
rest.  The  prolxnsciH  is  well  (lov(^lop(^(l  and  th(^  ant(»nna*  of 
the  male  arc  often  dila'ted  at  the  has(^  KphvMia  fdihnulla, 
the  Mediterranean  flour  moth,  is  a  meniher  of  this  group.  It 
feeds  on  flour,  biscuits,  and  otluT  farinaceous  produels  and 
causes  great  loss  and  damage  in  flour  mills  and  l)akerirs,  hoth 
in  Euroi)o  and  in  America. 

GalUriinm  {-(MhricuUv.,  M<\yr). 

This  is  a  small  suh-family,  l)ut  with  a  v(Ty  wid(^  distribution. 
The  moths  arc^  of  moderates  sizei,  with  a  short  proboscis  un<l 

filiform  maxillary  paljw  :  th<*y  nn* 
^  nocturnal  in  habit.  Th(*  larva*  feed 

in  concealm(»nt,  and  prochiee  large 
quantiti(»K  of  silk,  spinning  welw  and 
galI<Ties  when*  they'  f(*ed,  and  pupat- 
ing in  a  firm  (^oe()on.  Th<*  larva*  of 
K(iV(Tal  si)(»ci(^K  livi»  in  the*  hives  (»f 
}){^(*s,  feeding  on  th(*  wax,  one  in  par- 
ticular, Galkria  vtdloucUa,  causing 
considcTable  (himag(\ 

Fui.  134.-— IIiMul  t>f  u  Crarnbifi  ^,  . 

Motli  (Fam. /V/n///V//r).       ('rfmhuKr    (      ( ramhi((ii\  Meyr), 

«    imt^'imii.  e    <i>v.    ;///;    nuixll-  {JraSS  Molhs. 

lury  (Mil p.    //>    Inltint  pulp. 

This  is  a  larg(»  suh-family,  particu- 
larly in  tcmi)erat(»  regions.  The  moths  an*  of  mo<lf*rHt<^  si/.e, 
with  long  narrow  fore-wings,  Th<?  nuixillary  palpi  are  tri- 
angular and  lieavily  scaled,  and  giv<^  the  ln»ad  of  th<^  moth 
a  i)ointed  appearance.  The  proboscis  is  well  d(*vi^lojM?(l.  The 
moths  fly  at  dusk,  resting  during  the  daiy  in  an  upright  jxisi- 
tion  on  grass  stems,  with  the  wings  closely  folded  rounct  the 
body.  The  larvaj  feed  on  grass  stems  f)r  roots,  cither  boring 
into  them  or  living  in  silken  galleries  at  or  nf*ar  t\w  grouiul- 
level.    Pupation  takes  place  in  the  hirval  galleri(»s. 

Many  of  the  notorious  moth  borcTS  of  nugar  cane  bidong  t<» 
this  group.  The  most  important  arci  H|)ecieH  of  Diairmi  and 
ChilOy  Diatroea  mccharalis  in  the  West  IndicH  an<i  in  North 
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America,  D.  lineolata  in  South.  America,!),  striaialis  and CAiZo 
infuscatellus  in  Java,  and  CMlo  simplex  in  India.  These  moths 
lay  their  eggs  in  masses  on  the  cane  leaves  :  the  larvae  bore 
down  the  stem,  and  cause  immense  loss.  The  eggs  are  largely 
attacked  by  hymenopterous  parasites,  and  egg  masses  should 
be  collected,  but  not  destroyed  until  any  parasites  that  may 
be  present  have  emerged.  Turther  control  measures  are  the 
use  of  light  traps  for  the  adults,  and  the  destruction  of  young 
diseased  cane.  D.  saccharalis  and  (7.  simplex  also  attack  maize. 
CMlo  plejadellus  is  a  similar  pest,  that  attacks  rice  in  the 
United  States. 

Schanobiinm  (=  Part  of  Pymustidce,  Meyr). 

A  small  sub-family  of  moderate-sized  moths,  with  the 
proboscis  reduced  or  absent  and  the  palpi  rather  short.  This 
group  contains  the  aquatic  genus  Acentropus,  which  has  been 
already  referred  to :  the  larvse  of  the  remaining  forms  bore 
in  the  stems  of  grasses,  several  attacking  sugar  cane.  The 
most  important  of  these  are  Scirpophaga  auriflua  from  India 
and  Java,  and  S,  Tnonostigma  from  India.  The  eggs  are  laid 
in  hair-covered  clusters  on  the  leaves  :  the  larvae  work  down 
to  the  base  of  the  leaf-cluster  and  destroy  the  apical  bud, 
and  thence  into  the  stem.  The  control  measures  adopted  are 
similar  to  those  used  against  Cmmbince.  Schoenobius  bipunc- 
tifer  is  a  similar  moth,  which  attacks  rice  in  India.  The  egg 
masses  are  placed  on  the  leaves  and  the  larvae  bore  down  the 
stems,  causing  them  to  wither.  All  stubble  should  be  ploughed 
in  or  burnt,  in  order  to  destroy  the  resting  larvae  :  if  possible, 
the  egg  masses  should  be  collected. 

Hydrocampince  ( =  Part  of  Pyraustidce,  Meyr). 

These  are  slender  moths,  with  long  narrow  wings  and  long 
legs.  Many  of  the  larvae  are  aquatic,  breathing  by  means  of 
gills  or  breathing  air  at  the  surface.  Nymphula  depunctalis, 
the  Rice  Case  Worm  of  India  and  Java,  is  destructive  to  the 
foliage  of  that  crop.  The  eggs  are  laid  on  the  leaves,  and  the 
larva  forms  a  case  from  a  rolled  leaf,  in  which  it  can  live  either 
in  air  or  in  water.    It  pupates  in  a  webbed-up  leaf. 

c  o 
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Pyraustince  (=  Remainder  of  Pyraustidce^  Meyr). 

This  is  a  very  large  sub-family,  common  everywhere,  hut 
particularly  so  in  the  tropics.  The  moths  are  of  small  to 
moderate  size,  the  wings  neither  very  long  nor  narrow.  Most 
of  the  species  fly  at  dusk  and  are  attracted  to  light.  The 
majority  of  the  larvse  are  leaf-webbers,  but  some  few  live 
openly  on  the  plant  and  others  bore  in  stems.  The  most 
important  pest  in  this  group  is  probably  Sylejpta  derogata,  the 
leaf-roller  of  cotton,  which  occurs  in  India,  in  Africa,  and  in 
Java.  The  eggs  are  laid  on  the  leaves  or  shoots,  and  the 
larvse  feed  on  the  leaves,  rolling  them  by  means  of  silken 
threads.  The  larvae  pupate  in  the  foliage  or  in  the  soil. 
Hibernation,  however,  which  they  undergo  when  fully  fed, 
always  takes  place  in  the  ground.  Alternative  food-plants, 
of  which  there  are  many  in  the  order  Malvacece,  should  be 
controlled ;  other  measures  adopted  are  arsenical  spraying, 
hand  collection  of  the  rolled  leaves,  and  the  ploughing  up  of 
the  ground  during  the  period  of  hibernation.  Maruca  testulalis 
is  a  widespread  tropical  pest  of  pulses,  particularly  pigeon  pea. 
The  moth  is  of  moderate  size,  with  large  hyaline  patches  on 
the  hind-wings.  The  larva  attacks  the  pods  of  the  crop,  eating 
through  them  from  end  to  end.  Dichocrocis  j)unctiferalis 
causes  much  damage  to  castor  in  India,  boring  in  the  stems 
and  capsules :  it  also  attacks  cacao  in  Ceylon.  Two  species 
of  this  group  attack  rubber,  feeding  on  the  foliage,  but  neither 
of  them  are  serious  pests.  They  are  Caprinia  conchylalis, 
from  Malay  and  Ceylon,  and  Olyphodes  ocellatella  from  W. 
Africa.  Probably  the  most  serious  pest  in  this  group  is 
Pyrausta  nnbilalis,  the  European  corn-stalk  borer.  This  is  a 
cosmopolitan  insect,  which  attacks  maize,  millet,  hemp,  and 
other  crops.  It  is  especially  destructive  to  maize  in  the 
United  States  and  in  Canada,  where  it  has  only  recently  been 
introduced.  It  spends  the  whole  of  its  larval  and  pupal  life 
in  the  stems,  hibernating  there  as  a  larva. 

Pyralince  ( =PyTaHdid8e,  Meyr). 

This  sub-family  includes  a  large  number  of  species,  principally 
from  the  tropics.  The  moths  are  rather  small,  with  long,  narrow 
fore- wings.    The  larvae  are  slender,  and  feed  in  silken  webs 
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on  dry  or  decaying  vegetable  matter.  Pyralis  farinalis  is  a 
cosmopolitan  insect  which  is  a  minor  household  pest,  feeding 
on  flour,  oatmeal,  and  similar  substances. 

Oeneodid^  (Alucitidce), 
The  fore -wing  divided  into  six  distinct  plumes. 

This  family  consists  of  about  sixty  species  only,  which  are 
nearly  all  placed  in  the  genus  Orneodes.  They  are,  however, 
widely  distributed  throughout  the  world.  There  is  one  British 
species,  Orneodes  hexadactyla. 

The  moths  are  of  small  to  moderate  size,  and  are  easily 
recognizable  by  the  division  of  both  fore-  and  hind- wings  into 
six  plumes.  The  antennae  are  of  moderate  length  and  are 
very  slightly  ciliate  in  the  male :  the  proboscis  is  well 
developed.  The  moths  fly  at  dusk,  and  are  attracted  to 
light.  The  larvae  are  almost  smooth,  with  few  hairs  and 
five  pairs  of  sucker  feet.  They  feed  openly  on  the  food-plant, 
many  species  consuming  flower-buds.  Pupation  takes  place 
in  a  silken  cocoon.  The  British  species  passes  the  "wdnter  as 
an  imago. 

The  family  has  no  economic  importance. 

Pterophorid-S]. 

Plume  moths. 

Fore -wings  narrow  and  divided  into  two,  three,  or  four 
narrow  lobes  ;  hind -wings  of  one,  two,  or  three  lobes. 

This  family  includes  a  fair  number  of  species,  and  is  widely 
distributed  both  in  temperate  and  in  tropical  regions  :  nowhere, 
however,  is  it  very  conspicuous.  There  are  thirty-one  British 
species.  The  moths  are  small  and  slender,  with  long  narrow 
wings,  which,  except  in  the  genus  Agdistis,  are  divided  up  into 
a  number  of  plumes.  The  proboscis  is  well  developed  and 
the  maxillary  palpi  are  absent.  The  antennae  are  of  moderate 
length,  slightly  ciliate  in  the  male.  The  legs  are  long  and 
extremely  slender,  with  conspicuous  spurs.  The  colours  are 
usually  pale,  buff, brown  or  greyish  white  being  the  commonest, 
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without  definite*  ])aiternK.  I'ho  mothn  uh  a  rule  fly  at  (lunk  : 
they  rent  during  th(i  day  with  wings  and  legs  outstretched. 

Tlie  eggs  are  oval  an<l  smooth,  l)ut  not  flat ;  they  arc  laid 
singly  on  tln^  food-j^hint.  The  larvie  are  short  and  of  a  distinct 
oval  shape,  with  five  pairs  of  sucker  feet.  They  are  usually 
cryptically  coloured  in  grey  or  gre<»n,  and,  to  a  greater  or 
less  extent,  el(>th(*<l  in  hairs  and  spines,  which  radiate  from 
slight  protuberances  throughout  the  h^ngth  of  the  body.  The 
larva  is  slow-moving  and  fec^ds  ojxaily  on  the  food-plant.  Tht^ 
pupa  is  soft  and  hairy  and  is  usually  atttudied  to  the  food- 
plant  by  the  erenuistcT  ;  its  colours  are  similar  to  thos(^  of  the 
larva.  Sometimes  a  slight  silk(»n  cocoon  is  formed.  Hiberna- 
tion occurs  in  all  stages,  but  usually  as  a  larva  or  puj)a. 

The  e(u>nomi(^  importance  of  the  family  is  very  wlight.  Oiu^ 
or  two  species  are  j)ests  on  tr()i)ical  pulses,  the  chi(»f  olTendcT 
being  KxelaMiH  aUmima  in  India.  Thi'.  larvae  of  this  s|HHu<»h 
fec^d  on  the  pods  of  {)ige(m  jH^a,  biting  holes  in  the  pod  and  eon- 
Burning  the  s(*<*ds  from  outside.  The  pupa  is  placed  on  tlie 
pod,  fixed  to  it  by  th(^  eremaster  ami  a  flimsy  network  of  silk. 
Thci  damug<'.  done  by  this  pest  is  somc^times  considerable. 

The  family  is  <leseril)ed  l)y  M(*yri(*k  in  (Unmi  iNMertormn^ 
h\iHv.  KM)  (HMO). 

SK.sin>.K  (Mjirli(Uv), 

( 'k'arwings. 

Hind*wing  with  vein  8  absent ;  vein  Ic  present ;  proboscis 
small  or  rudimentary.  Larva  boring  in  the  stems  or  roots 
of  plants  and  pupating  in  the  bore. 

This  family  consists  of  small  to  nu^dium-si'/ed  moths,  with 
long,  nan*ow,  and  usuidly  byalin(^  wings.  The  body  is  long  and 
slender,  often  witli  r(*d  or  yellow  markings,  and  not  infrequently 
with  an  anal  tuft  of  hairs.  '^Fbe  ant^enna^  are  fairly  long,  and 
are  thickened  towards  the  tii>.  Tlu^  legs  are  oftc^n  heavily 
tuftc^d  with  hairs.  iSc^Hiids  aro  very  active  on  tlu3  wing,  and 
fly  by  (lay,  preferring  the  hcjtttmt  stmshine  ;  but  they  aro 
inconspicuous  and  not  oft<^n  obsc^rved.  They  are  Htated  to 
mimic  Ilymmopiera,  but  prf)bably  true  mimicry  occurs  in  only 
a  f(^w  sjK»(tieH. 

The  distrihutif>n  of  the  group  is  mainly  UanjHTate  :  then* 
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are  a  large  number  of  species,  of  which  fourteen  are  British. 

The  eggs  are  usually  laid  singly  on  the  bark  of  the  food- 
plant.  The  caterpillar  is  white  and  elongate,  with  five  pairs 
of  sucker  feet.  It  bores  in  the  stems  or  roots  of  its  food-plant, 
the  plants  attacked  being  very  diverse.  The  pupa,  which 
is  generally  enclosed  in  a  slight  cocoon  of  silk  and  wood-chips 
inside  the  bore,  is  furnished  with  spines  on  the  abdominal 
rings,  and  has  more  power  of  movement  than  is  usual  in 
Lepidop'era.  Hibernation  usually  takes  place  as  a  larva; 
frequently  the  life-history  occupies  two  or  more  years. 

Several  of  the  Sesiids  are  pests,  but  none  are  of  first-class 
importance.  The  best-known  species  in  this  country  is  Sesia 
(JEgeria)  tipuliformis,  which  attacks  the  stems  of  currant. 
In  America,  the  most  important  is  probably  Mgeria  {Sanninoi- 
dea)  exitiosa^  which  attacks  the  trunks  of  peach  trees  close  to 
the  ground,  and  causes  much  damage. 

TORTRICIDiE. 

Hind -wing  with  vein  8  free  or  connected  to  the  cell  by  a  bar  ; 
vein  Ic  present ;  middle  spurs  of  hind  tibiae  well  developed  ; 
palpi  obtuse ;  proboscis  and  frenulum  present.  Larvae 
living  in  concealment. 

This  is  a  very  large  family,  with  a  very  wide  distribution  : 
it  is,  however,  more  characteristic  of  temperate  than  of  tropical 
regions.  There  are  330  British  species.  The  family  is  sub- 
divided into  several  sub-families  which  are  ranked  as  families 
by  many  authorities.  Me37Tick  recognizes  four  famihes, 
grouped  in  the  super-family  Tortricina, 

The  moths  are  of  small  size,  with  densely  scaled  wings 
usually  of  dull  colours.  The  fore-wings,  as  a  rule,  exhibit 
brown  markings,  the  hind-wings  being  without  a  pattern. 
The  fore- wings  are  long  and  frequently  have  a  characteristic 
appearance  due  to  a  hump  on  the  costal  margin.  In  rest, 
the  wings  are  wrapped  round  the  body.  The  antennae  are  of 
moderate  length  and  the  proboscis  is  present.  The  majority 
of  Tortricids  fly  at  dusk  with  a  rapid,  darting  flight :  in  the 
day-time  they  rest  on  tree  trunks,  the  under-sides  of  leaves^ 
and  in  other  suitable  places,  and  are  very  inconspicuous. 
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The  eggs  are  very  small,  flat  and  scale-like.  They  are  usually 
whitish  in  colour,  and  are  deposited  singly  or  occasionally 
in  clusters  on  the  food-plant.  The  larvae  are  small  hut 
elongate,  with  few  hairs,  and  live  in  concealment.  The  head 
is  usually  black,  and  in  most  cases  there  is  a  black  bar-shaped 
chitinous  plate  on  the  first  thoracic  segment.  The  general 
colour  is  usually  greyish-white,  but  sometimes  green  or  pinkish. 
There  are  five  pairs  of  sucker  feet,  the  hooks  on  which  are 
arranged  in  a  circle.  The  majority  of  the  larvae  feed  in  rolled 
or  webbed-together  leaves,  but  quite  a  number  burrow  into 
fruit,  flower-heads,  or  stems.  The  pupa  is  usually  chestnut 
brown  in  colour.  It  is  enclosed  in  a  tight  silken  cocoon  from 
which  the  pupa  is  protruded  just  before  the  emergence  of  the 
moth.  Pupation  takes  place  amongst  the  foliage,  in  crevices 
in  the  bark  of  the  food-plant,  or  on  or  just  beneath  the  surface 
of  the  soil.  The  insect  hibernates,  as  a  rule,  in  the  cocoon, 
either  as  a  fully  fed  larva  or  in  the  pupal  state. 

Although  less  destructive  as  a  group  than  the  PyralidcCy 
yet  the  Tortricidce  contain  some  very  serious  pests.  These 
may  roughly  be  divided  into  two  classes — those  which  tunnel 
into  the  fruit,  bud,  or  other  part  of  the  plant,  and  those  which 
roll  and  consume  the  foliage.  Of  the  first  group,  by  far  the 
most  important  is  the  notorious  Codlin  Moth,  Cydia  {Carpo- 
capsa)  pomonella,  which  annually  causes  immense  damage 
to  apples  and  pears  in  every  fruit-producing  country  of  the 
world.  The  larva  tunnels  into  the  fruit,  entering  it  at  the 
calyx  if  young,  or  at  the  side  if  fully  formed,  and  feeds  inside. 
When  full  grown  it  leaves  the  fruit  by  a  fresh  tunnel  and 
pupates  in  the  soil  or,  more  usually,  in  some  crevice  of  the  bark. 
The  number  of  broods  in  the  year  depends  on  the  climate, 
varying  from  one  to  four.  The  most  effective  remedies  are 
arsenical  spraying  before  the  calyx  of  the  fruit  closes,  and  again 
in  summer  if  there  is  a  second  brood  ;  and  banding  the  trunks 
with  hay  or  sacking,  to  trap  pupating  larvae.  Other  pests 
of  this  class  are  Laspeyresia  (Semasia)  nigricana,  which  in 
Europe  and  in  America  attacks  peas  in  the  pod ;  Eucelis 
(Epinotia)  funebrana,  which  attacks  plums  in  Europe. 
Another  serious  pest  is  Eudemis  (Polychrosis)  botrana  in  Europe, 
and  an  alHed  species  J?,  viteana  in  America,  which  attack  the 
fruit  of  the  grape.   Very  severe  damage  is  caused  by  these 
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pests,  one  larva  being  able  to  destroy  a  whole  bunch  of  grapes. 
Control  by  fungi  and  by  insecticides  is  being  attempted  in 
America.  The  Apple  Bud  Moth,  Tmetocera  ocellana,  which  as 
its  name  implies  bites  into  the  buds  of  apple  and  other  fruit, 
is  a  serious  pest  in  Europe,  and  allied  species  cause  great  damage 
in  America.  The  buds  should  be  thoroughly  sprayed  with 
lead  arsenate  before  they  open,  a  coarse  driving  spray  being 
employed. 

The  leaf-rolling  pests  are  not  nearly  so  serious  as  those 
previously  mentioned.  In  most  cases,  they  can  be  easily 
dealt  with  by  a  poison  spray.  Capua  cojfearia,  which  attacks 
tea  in  Ceylon,  cannot  be  controlled  in  this  manner.  It  is 
dealt  with  by  the  collection  of  egg-masses,  and  by  destroying 
the  imagines  by  means  of  the  Ver morel  light  trap.  Conchylis 
epilinana  attacks  the  foliage  of  flax  in  Europe,  and  in  addition 
sometimes  tunnels  into  the  unripe  capsule.  Ancylis  comptana 
attacks  strawberry  in  America,  where  it  sometimes  causes 
serious  loss.  It  occurs  in  Europe,  but  is  not  a  serious  pest. 
Many  other  species  attack  various  fruit  trees,  especially  the 
apple ;  but  these  are  effectively  controlled  by  the  spraying 
for  Winter  Moth. 

The  sub-family  Tortricinos,  is  monographed  by  Meyrick  in 
Genera  Insectorum,  Fas:c.  149  (1913). 

TlNEIDiE. 

Hind -wing  with  vein  8  free  or  connected  to  the  cell  by 
a  bar  ;  vein  Ic  present ;  palpi  acute  ;  tibiae  with  all  the 
spurs  developed. 

This  is  a  very  large  family,  probably  containing  more  species 
than  any  other.  It  has  a  world-wide  distribution,  its  members 
being  abundant  both  in  tropical  and  in  temperate  regions. 
There  are  700  British  species.  The  moths  are  small,  some 
excessively  so.  The  wings  are  narrow,  with  a  wide  friage  of 
scales  ;  in  some  cases  the  number  of  nervures  is  reduced. 
The  majority  of  species  are  night-flying  with  dull  colours,  the 
fore-wings  usually  with  vague  markings,  the  hind- wings  without 
a  pattern.  A  few  species  are  diurnal  and  are  brightly  coloured. 
When  at  rest,  the  wings  are  usually  folded  flat  over  the  body 
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or  held  outstretched,  and  are  not  wrapped  round  the  abdomen. 
The  antennae  are  commonly  simple,  and  of  moderate  length  ; 
as  a  rule,  they  are  rather  longer  than  those  of  the  Pyralids,  and 
in  some  cases,  such  as  Adela,  they  are  proportionately  very 
long. 

The  eggs  are  very  small,  round  or  oval,  and  flattened.  As 
a  rule,  they  have  reticulate  markings  on  the  upper  surface, 
and  are  deposited  singly  on  the  food  material.  The  larva  is 
elongate  and  slender,  with  few  hairs  :  the  most  usual  colour 
is  grey,  often  dotted  with  black.  There  are  five  pairs  of  sucker 
feet,  on  which  the  hooks,  as  in  the  Pyralidce  and  the  Tortricidce, 
are  arranged  in  a  circle.    The  food  habits  of  the  larva  are  very 


a  =  antenna,   e  =  eye    mp  =  maxlUary  palps.        jg^j^le  inSCCtS.     The  larvae 


cases  of  silk  and  fragments  of  their  food  material.  They 
pass  the  whole  of  their  larval  life  in  these  cases,  carrying 
them  about  when  they  move.  The  pupa  is  usually  brown, 
and  is  capable  of  movement  of  some  of  the  abdominal 
segments,  the  number  varying  in  different  species.  It  is 
enclosed  in  a  cocoon  of  silk,  from  which  it  is  sometimes 
protruded  on  emergence.  Hibernation  takes  place  usually 
as  a  fully  fed  larva,  but  sometimes  in  the  pupal  stage. 

Tineidce  are  divided  into  a  number  of  sub-families,  but  there 
is  no  uniform  classification.  Only  those  groups  that  contain 
economically  important  species  are  here  mentioned.  Meyrick 
recognizes  six  families  in  the  group  Tineina,  of  which  one, 
the  JEgeriadoe  {=  Sesiidce)  is  here  treated  as  distinct.  The 
Tineidce  contain  a  large  number  of  pests,  ranking  alongside 
Noctuidce  and  Pyralidce  as  a  destructive  group. 


P 

Fig.  135.— Head  of  Tineid. 
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diverse.  Many  web 
leaves,  some  bore  in  stems, 
or  under  bark,  or  mine 
leaves  or  shoots,  while 
others  again  feed  in  the 
seed  capsules  of  plants. 
A  few  species  are  house- 
hold pests,  consuming 
cloth  and  other  material, 
while  one  or  two  are 
carnivorous  and  feed  on 
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A  large  group  with  a  world-wide  distribution.  They  arc 
small  moths,  with  a  well-dcvclopcd  proboscis  and  short 
maxillary  palps.  The  hind-wings  are  of  pecuHar  shape,  being 
])ointc(l  at  the  apex.  The  pupa  is  not  protruded  from  the 
cocoon  at  emergence.  This  group  contains  OeUchia  {Pecteno- 
phara)  (}omj'picll<i.,  the  Pink  Bollworm  of  cotton,  one  of  the  most 
dcHiructive  of  insect  pests.  It  occurs  in  India,  Egypt,  Sudan, 
America,  and  the  West  Indies,  l)ut  is  most  serious  in  Egypt, 
wlierct  1 7  jxt  cent,  of  the  cotton  crop  is  annually  destroyed  by 
its  ravages.  In  India  it  is  probably  controlled  by  Rhocjas 
parasites.  It  has  been  recently  introduced  into  America, 
and  sircMuious  c-fforts  are  1)eing  made  to  confine  it  to  a  relatively 
small  area,  l^he  larva  l)orcs  into  the  boll  and  eats  out  the 
s(»(»d,  ln[)ernating  inside  the  seed.  All  waste  bolls  are  collected 
and  ])urnt,  while  seed  not  wanted  for  cattle  food  is  heated  to 
a  tc^mpin-aturc^  of  55"  (  !.,  which  is  sufficient  to  kill  the  larvae 
which  may  hi'  liibernating  without  destroying  the  germinating 
power  of  tlu^  seed. 

(klechia  {JAta)  ocAillaidla  attacks  l)eet  in  Europe,  but  is  not 
a  HcriouH  pcist  except  in  Franco.  All  parts  of  the  plant  are 
attaxiked,  but  the  main  damage  is  caused  by  the  larva  boring 
in  the  root. 

Phthrmvura  operculella  (  -  Lita  solandla)  is  a  first-class  pest 
of  potato.  It  occurs  in  the  Mediterranean  region,  in  India, 
and  in  Am<*ric;a.  It  attacks  both  the  foliage  and  the  tubers, 
mining  in  th(^  leaves  or  l)oring  into  the  potatoes  themselves. 
It  will  also  attack  stored  potatoes,  and  it  is  here  that  its  most 
BcriouB  damage  is  caused,  as  seed-potatoes  are  frequently 
(l<*Htroyc(L 

(hiorvtmsckernob  {Phthorirnxra)  heliopa  is  the  stem-borer  of 
tobacco  in  India  and  in  S.  Africa.  The  eggs  are  laid  on  the 
k*aveH,  and  the  larva  tunnels  down  the  midrib  into  the  stem, 
causing  it  to  hwcII.  It  pupates  inside  the  tunnel.  The  pest 
attacks  8ee<lling8  chiefly,  and  these  should  be  carefully  watched 
and  ilestroycd  if  infected. 

Anacmnpsis  nerteria  attacks  ground-nut  in  southern  India 
and  in  Ceylon,  causing  severe  damage.  The  larva  is  a  leaf- 
miner,  and  pupates  amongst  the  foliage  in  silken  webbing. 
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(KcophariHiv  {(En>p/i()ri(la\  M(\yr). 

This  is  a  widcspn^ul  grouj),  hui  is  j)ml<>minant  in  Australia, 
wluTc  nearly  1,<H)()  sjxH'icH  liavi'  been  described.  Tlw  larvai 
feed  ])riiiei|>ally  among  spun  leaves  or  in  d(»cayed  wood.  A  f(^w 
are  carnivorous,  The  i>uj)a  is  not  ])rotru<led  from  Uh»  cocoon 
on  enuTgenee  of  tlie  motlL  Om^  sjK^oies  of  the  Huh-fanaly 
Ulljmiimu  yulvrrvd  f<'eds  on  laxi  in  India,  consuming  not  only 
the  insects,  })ut  th(*  (hy  shellac  after  it  luis  been  cut. 

PluUUimr  [PluU'Uid(v,  Mcyr). 

A  sub  family  of  moderate*  size,  with  a  wid(*  distribution. 
The  larva  is  usually  u  l(»af-wcbl)er.  As  a  rule*,  th<»  pupa  is  not 
j)rotruded  from  tht^  coc'oon  on  (*nierg(*ne(\  The  most  important 
p(»st  in  this  group  is  the  Diamond  Back  Moth,  PluirUa  rrianiii- 
pvttHis^  whic^h  atta(dvs  cruciferous  <Tops.  It  is  a  cosmopolitan 
s|>eeif»s,  se(»nung  to  flourish  e<|nally  well  in  all  cHmates,  and 
sometinH*s  becomes  so  abundant  as  to  cause  s(Ti<»us  h»sH. 

FraiiH  olrrlhiN  is  a  |M*Ht  of  oliv(»s,  in  Kurope,  attacking  tht* 
foliage* ;  it  is  not  very  seritms. 

Tifnintr  (Tiuvi(ltt\  Meyr). 

^rhis  is  a  V(*rv  large  grouj),  and  is  equally  common  in  all 
regions.  The  mcdhs  are  usually  small,  and  in  some  eases  tlic 
veins  are  reduced  in  number.  Tlie  larva*,  as  a  rule,  are  leaf- 
min(»rs  or  caHe-bearers.  The  pupa  often  has  the  abdominal 
Hegm(*nts  very  mobile*,  anel  is  usually  protnaied  from  the*  ccKuxm 
in  <»m(*rg(»ncf».  The  most  important  pests  in  this  sub  family 
are  the  <'lothc*H  niotlis,  of  winch  there  are  sc^veral  s|H*eieH,  the 
most  important  heing  Tinm  pdlionulla,  whose*  larva  is  a  ease*- 
b<*ar<*r,  Trirhophaija  tapdzelta,  the  larva  e>f  which  fornts 
silkeni  gallerie»H  ov<*r  the  cbth,  and  Tincola  hiiipUidUt,  whose 
larva  forms  neithe*r  case  nor  galleries.  All  the^se*  H|K»<nes  have 
a  worl<l"Wich^  distributicm,  probably  due  te>  artificial  introduc- 
tion, and  do  imormouH  damages  to  cloth,  furs,  feathers,  ami 
similar  material.  A  simple  househedd  insect ictete,  Huch  an 
miphthaline,  is  usually  suffienent  to  exixd  the  jH»Ht. 

(Hnophila  v-Jlavuni  is  a  mine^r  he)UHe»hold  {H^st,  w  hieih  normally 
feeds  on  motdels  on  the  walls  of  cellarn,  but  occuHionally  boren 
int4)  the  corks  of  wine  bottles. 
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Crypsiihyris  longicornis  is  a  case-bearing  insect  from  India, 
where  it  lives  on  whitewashed  walls,  presumably  deriving  its 
nourishment  from  the  size  in  the  whitewash. 

Several  of  the  sub-families  of  Tineidce  have  been  mono- 
graphed by  Meyrick  in  Genera  Insectorum,  Fasc.  128,  133 
(1912),  and  164  and  165  (1914). 

HEPIALID.gB. 

Swifts. 

Both  wings  with  twelve  veins,  the  cell  of  the  hind -wing 
emitting  more  than  six  ;  jugum  present  ;  maxillary  palpi 
and  tibial  spurs  absent ;  proboscis  aborted. 

The  Hepialidce  are  a  widely  distributed  family,  though  the 
number  of  known  species  is  small,  only  about  170  having  been 
recorded.  It  is  in  Australia  that  the  family  appears  to  attain 
its  highest  development,  where  sixty  to  seventy  forms  occur. 
In  Britain  we  have  but  five  species.  Both  in  size  and  in  colora- 
tion the  Hepialids  exhibit  great  diversity,  ranging  from  small 
sombre  moths  to  the  giant  Zelotypia  (Leto)  stacyi  of  Australia, 
with  a  wing-span  of  nearly  eight  inches.  Pore-  and  hind-wings 
are  similar  :  both  are  long  and  narrow  with  imperfect  scales 
and  twelve  nervures.  The  body  is  long  and  narrow ;  the 
proboscis  is  absent  and  the  labial  palps  are  poorly  developed. 
The  antennae  are  filiform  and  are  very  short. 

The  eggs  are  round  and  smooth,  and,  as  a  rule,  are  dropped 
by  the  female  when  flying  over  the  food-plant.  A  very  large 
number,  sometimes  several  thousand,  is  laid  by  each  female. 
The  larvae  are  elongate,  whitish  and  sparsely  clothed  in  hairs. 
They  feed  underground  on  the  roots  of  plants,  or  burrow  in 
woody  stems.  Several  years  are  frequently  passed  in  the 
larval  stage.  The  pupa  is  elongated,  almost  cylindrical,  and 
soft.  Rings  of  hooks  are  situate  on  the  abdominal  segments, 
and  the  pupa  is  capable  of  considerable  movement.  Pupation 
takes  place  in  the  tunnel  or  in  the  soil  in  a  slight  cocoon  :  the 
pupa  wriggles  free  of  the  cocoon,  and  often  to  the  surface, 
before  the  emergence  of  the  moth.  Hibernation  usually  takes 
place  as  a  partially  fed  larva. 
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iicspialklK  arc  of  very  nlight  ocononuc  importance.  Two 
spocicH  have  \wen  rccordi^d  as  minor  pcRts  in  thiH  country  : 
Ilejiialus  humuU,  which  attacjks  the  roots  of  hop,  and  //. 
hrjmlimis,  which  feeds  on  the  roots  of  straw])erry. 

Mr(!R()PTKKV(ni)/K. 

Both  wings  with  twelve  veins,  the  cell  of  the  hind-wings 
emitting  more  than  6.  Proboscis  short  or  aborted.  Man- 
dibles sometimes  present.  Maxillary  palpi  well  developed. 
Jugum  present. 

This  family  consists  of  a  nunil)cr  of  v(Ty  small  moths,  whi(^h 
dilTcr  largely  from  all  other  LvpUlopfcra  and  vary  <H)nKiderably 
among  th(»mse[ves.  Th(\y  an^  of  metallic^  (u)l()ration,  with 
long  anU^iuKe,  and  fly  in  bright  sunlight.  In  some  cases  thcn^ 
an^  weIl-d<*veIo[><'d  mandibles,  in  oth(*rs  a  short  proboscis. 
The  mandibulatc^  forms  are  polh^n-fc^eding.  In  some  species 
tho  f(^mal(»H  ar(!!  provided  with  a  cutting  ovipositor,  and  lay 
tlj(^  cggH  inside  the  tissues  of  the  food-plant. 

Mirropirrt/(/i(ls  are  (^ss(»ntially  a  t<ani)erat(t  group  :  they 
hav(»  bcHMi  recorded  from  KurojXN  Asia,  Am<^rica,  and  N(w 
Zealand.    Then*  an^  thirteen  British  sp(»ci(»s. 

The  oggH  are  laid  on,  or  in,  the  tissues  of  the  food-phmt. 
Thc^  Iarva».  are  of  two  tyi)eH  :  the  first  {Kriocrania)  forms  a 
blotK'hed  mine  in  th(^  leaf  of  the  food-j)Iant,  and  has  no  legs  or 
sucker  fiH^t.  The  second  tyjm  of  larva  {MirropU'ryx)  feeds 
opertly  on  damp  moss.  It  possi^sses  thre(^  pairs  of  h^gs  and  eight 
pairs  of  abdominal  feet,  and  a  trilobc^d  anal  dasfXir.  The 
ant(^nna»  are  Icmg,  and  the  bo<ly  bears  rows  of  ball-like  pro- 
tubc^rances.  The  pupa  is  encloH(Hl  in  a  cocoon  of  silk,  and 
is  placed  on  or  midc^rneath  the  surfaces  of  the  soil.  In  somc^ 
caneK  {Kriocrania)  the  appc^ndages  arc  free,  and  tlui  pupa  is 
provided  with  a  pair  of  large  mandibles,  which  are  shed  on 
emergence. 

Micropterygiilm  are  of  no  economic  importance. 
The  family  has  been  described  l:)y  Meyrick  in  Genera 
Inseetorum,  Fasc.  132  (1912), 


DIPTERA 

Flies. 

One  pair  of  wings  only,  attached  to  the  mesothorax  ;  a 
pair  of  balancing  organs  (halter es)  attached  to  the  meta- 
thorax.  Mouth-parts  suctorial  and  sometimes  adapted  for 
piercing.  Larvae  legless,  the  pupa  either  coarctate  or  obtect. 
Metamorphosis  complete. 

The  Diptera  constitute  that  group  of  insects  to  which  the 
term  ''flies"  should  be  confined.  They  are  on  the  who!e 
small  insects,  the  Tipulidce,  Tabanidce,  Asilidce,  and  Mydaidce 
containing  the  largest  forms,  the  last-named  family  having  the 
largest  known  fly  [My  das  sp.).  My  das  is  a  South  American 
fly,  and  is  over  2  inches  long,  with  a  wing-span  of  four  and  a 
haK  inches.  Many  families  contain  minute  forms,  and  these 
mostly  belong  to  the  Orthorrhapha.  Insects  of  this  order  are 
found  in  the  hottest  and  coldest  climates,  and  have  been 
taken  all  over  the  world. 

The  characters  given  are  sufficient  to  place  an  insect  defi- 
nitely in  or  out  of  the  Diptera.  There  are,  however,  exceptions 
to  three  of  the  above  characters.  A  certain  number  of  forms 
are  entirely  wingless,  or  have  only  vestiges  of  wings  remaining. 
Bezzi  (1922)  gives  the  following  numbers  of  species  in  this 
category  :  Nemocera — 140  ;  Brachycera — 12  ;  Cyclorrhapha — 
232.  Secondly,  according  to  Wasmann,  Termitoxenia  has  no 
free  larval  or  pupal  stage,  but  gives  birth  to  adults.  Thirdly, 
in  a  few  forms  the  mouth-parts  may  be  vestigial  or  absent. 

Flies,  as  a  rule,  are  strong  and  powerful  fliers.  In  a  few 
families  is  to  be  found  a  specialized  system  of  flight  in  which  a 
swarm  dances  together  in  an  apparently  aimless  fashion.  Such 
swarms  are  usually  confined  to  one  sex,  and  are  to  be  found 
among  the  ''gnat  "  tribe,  the  Culicidoe,  Dixidce,  Chironomidw, 
and  in  the  Empidce.  Others,  notably  the  Syrphidce,  have  a 
fondness  for  maintaining  themselves  at  some  fixed  point  above 
the  ground,  the  wings  moving  with  great  rapidity  the  while. 

Colour  in  Diptera  is  on  the  dull  side.  Dull  grey  or  brown 
is  very  common,  often  with  patches  or  stripes,  while  many  are 
uniformly  black,  as  regards  the  body.    The  wings  are  usually 
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transparent,  but  may  have  speckles,  dusky  markings,  patches, 
or  bands  of  dark  colour  on  them.  Where  bright  colouring  is 
found,  it  is  usually  a  scheme  of  black  and  yellow  banding,  as 
is  found  in  the  Syrphidce,  Conopidce,  and  Oscinidce.  Where 
metallic  colouring  appears,  as  in  the  Dolichopodidce  and  in  the 
Muscoid  group,  it  is  either  green  or  dark  blue.  Red  is  never 
found  except  in  the  eyes.  The  sexes  are,  almost  without 
exception,  alike  in  coloration,  but  there  are  a  few  exceptions 
amongst  the  Bibionidce,  Tabanidce,  Cordyluridce,  and  Muscidce, 

Mimicry  is  found  in  the  Syrphidce,  Mydaidce,  Asilidce,  and 
Conopidce,  some  of  which  bear  marked  resemblance  to  wasps 
and  bees  in  coloration,  shape,  and  size.  Indeed,  in  the 
tropics  it  is  sometimes  impossible  to  tell  the  difference  between 
some  species  of  the  Conopidce  and  the  Sphegidce  and  Vespidce, 
while  they  are  on  the  wing.  Adult  flies  need  a  warm  tempera- 
ture for  active  flight  or  they  become  torpid  ;  many  perish  of 
cold  in  the  winter.  Their  food  consists  of  pollen,  honey,  plant 
juices  or  the  nutritious  liquid  of  moist  organic  detritus.  Some 
are  predaceous  on  other  insects,  from  which  they  suck  the  body 
juices,  and  some  suck  the  blood  of  higher  vertebrates.  In  the 
Orthorrhapha  blood-sucking  is  conflned  to  the  female  sex  :  in 
the  Cyclorrhapha  both  sexes  indulge  in  this  unpleasant  habit. 

The  Diptera  are  separated  into  two  big  groups,  corresponding 
to  the  way  in  which  the  pupa  or  pupa-case  splits  when  the  adult 
insect  emerges.  Those  families  in  which  there  is  a  split  more 
or  less  straight  down  the  back  of  the  thorax  are  grouped 
together  as  Orthorrhapha  (i.e.  "straight  crack  ")  while  those 
in  which  the  spht  runs  round  the  end  of  the  pupa-case  are  called 
Cyclorrhapha  (Le,  "round  crack"). 

Of  course  it  is  often  impossible  to  see  the  way  in  which  any 
particular  fly  escapes  from  the  pupa,  and  these  divisions  would 
be  useless  were  they  not  also  indicated  by  other  characters 
more  easily  observed.  The  Orthorrhaphous  pupa  itself  differs 
from  the  Cyclorrhaphous  in  that  the  latter  is  enclosed  in  the 
last  larval  skin,  which  remains  round  it  as  a  protecting  case,  the 
pupa  and  its  case  together  being  called  a  '^puparium."  In 
the  Orthorrhapha,  with  few  exceptions  (e.g.  the  family  Stratio- 
my  idee),  we  find,  on  the  other  hand,  that  the  last  larval  skin  is 
completely  shed  and  cast  aside,  leaving  the  pupa  bare  and 
unprotected  ;  in  such  pupa  the  limbs  and  general  shape  of  the 
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future  imago  can  be  seen,  while  in  the  Cyclorrhaphous  puparium 
all  these  details  are  completely  concealed  by  the  hardened  and 
contracted  larval  skin  which  encloses  the  true  pupa.  This 
difference  in  the  type  of  pupa  is  associated  with  a  difference 
in  the  way  the  fly  gets  out  of  it :  in  the  OrthorrJiapha  the 
splitting  of  the  comparatively  weak  pupa  skin  is  effected  by 
what  we  may  call  ''hunching  the  shoulders,"  and  the  top  of 
the  thorax  is  the  part  of  the  fly's  body  which  is  first  exposed. 
The  Cychrrhapha  employ  a  different  method,  perhaps  owing 
to  the  less  yielding  nature  of  the  hardened  skin  which  sxurrounds 
the  true  pupa.  In  order  to  escape,  the  fly,  instead  of  trying  to 
crack  this  skin  along  the  thorax,  pushes  out  the  end  of  it  and 
emerges  head-foremost.  To  push  out  the  end  it  cannot  use 
its  feet  and  limbs,  since  these  are  confined  mummy-like  in  the 
puparium,  but  it  gets  over  the  difficulty  by  the  help  of  a  very 
remarkable  structure,  in  the  shape  of  an  expansible  balloon 
arising  from  the  head.  When  inflated  with  liquid  from  the  body, 
this  balloon  (called  a  ptilinum  ")  pushes  off  the^  end  of  the 
puparium  and  releases  the  fly,  whose  escape  is  rendered  easier 
from  the  shrinking  of  the  body  due  to  the  absence  therefrom 
of  the  liquid  used  to  inflate  the  balloon.  The  ptilinum  is 
afterwards  deflated  and  disappears  into  the  head,  leaving  the 
scar  called  the  frontal  suture  "  as  evidence  of  its  existence. 
All  flies  with  this  frontal  suture  are  CyclorrhapTia. 

It  should  be  noted  that  three  families  {Platypezidce,  Pipun- 
culidce,  and  the  big  family  Syrphidce)  are  included  in  the 
CyclorrhapJia,  although  they  do  not  possess  a  frontal  suture  ; 
they  are  therefore  known  as  Cyclorrhapha  Aschiza  "  (i.e. 
without  suture),  being  classed  with  the  CyclorrhapJia  because 
of  the  mode  of  splitting  of  the  pupa-case  as  well  as  by  the  form 
of  the  antennae  and  by  their  possessing  a  small  but  system- 
atically important  structure  in  the  shape  of  a  minute  sclerite 
just  above  the  base  of  the  antennae,  called  the  frontal  lunule, 
which  is  characteristic  of  all  the  Cyclorrhapha.  Apart  from 
these  three  families,  the  rest  of  the  Cyclorrhapha  consists  of  a 
vast  number  of  species  possessing  both  lunule  and  suture, 
and  hence  known  as  Cyclorrhapha  "  Schizophora  "  (i.e.  possess- 
ing sutiu^e).  House-flies  and  blue-bottles  belong  to  this  group. 
The  Cyclorrhapha  as  a  whole  are  also  distinguished  by  their 
antennae  having  not  more  than  three  joints,  the  third  joint 
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showing  no  signs  of  being  segmented  or  made  up  of  more  than 
one  piece,  while  it  bears  on  its  upper  side  an  '^arista  "  which 
is  quite  thin  and  hair-hke  and  frequently  plumose  or  pubescent. 
The  palpi  are  unjointed.  The  Cyclorrlapha  are  thus  divided 
into  two  groups,  the  Aschiza  and  the  Schizophora,  The 
OrthorrM^pha  are  likewise  divided,  but  here  the  division  is  based 
mairdy  on  the  structure  of  the  antenna.  The  first  group,  the 
OrtfiorrMpJia  Nemocera''  (i.e.  '^thread-horn")  generally 
have  four- jointed  palpi  and  long  antennae,  usually  composed 
of  a  dozen  or  more  similar  freely-jointed  segments,  while  the 
second  group,  the  Orthorrhapha  Brachycera  (i.e.  "  short-horn 
have  palpi  of  not  more  than  two  joints,  and  short  antennae 
which  show  various  grades  between  the  many-jointed  Nemo- 
corouH  antennae  such  as  those  of  mosquitos  or  Simulium,  and 
the  Himplo,  short,  three-jointed  antemase  of  the  Cychrrhapha. 
From  the  Cyclorrhaphous  antennae  those  of  the  Orthorrhapha 
Brachycera  differ  in  that  they  usually  show  pretty  clearly  that 
what  may  look  like  the  third  joint  and  its  continuation  (arista) 
is  really  made  up  of  several  joints  or  segments  joined  together. 
It  may  be  noted  that  when,  as  in  many  Brachycera,  the  arista 
Ik  thick  and  terminal,  it  is  generally  called  a  "  style  "  to 
dintinguiHli  it  from  the  very  thin,  usually  dorsal,  arista  of  the 
(hjcXorrhapJia, 

The  life-hiHtories,  while  very  various  in  detail,  exhibit  a 
general  broad  similarity.  Eggs  are  laid  in  or  close  to  the  food 
neccHBary  for  the  larvae.  The  larvae  of  the  Nemocera  are 
mostly  aquatic,  or  inhabit  wet  places,  the  former  usually 
doveloping'  into  floating  pupae.  Very  few  of  the  larvae  are 
prcdaccous,  most  of  them  being  vegetarians  or  scavengers, 
and  the  imagines  are  in  many  cases  blood-suckers  (Mosquitos, 
Midges,  Sandflies,  and  Simnlium).  One  family,  the  Cecido- 
rnyiidxe,  includes  many  gall-makers.  The  larvae  of  the 
Brachycera  are  only  occasionally  semi-aquatic  or  aquatic  (e.g. 
Tabanidw,  the  horse-flies,  and  Stratiomyidce),  and  are  mostly 
either  predaceous  or  parasitic  on  other  insects ;  a  few  are 
Hcavengers.  The  adult  Tabanids  suck  the  blood  of  animals ; 
Hoveral  other  families  suck  the  juices  of  insects,  while  those 
flies  which  develop  from  parasitic  larvae  generally  frequent 
flowers  and  suck  nectar. 

In  both  the  Nemocera  and  Brachycera,  most  of  the  larvae 
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have  a  distinct  and  well-formed  head,  which  is  clearly  separate 
from  the  thoracic  segments. 

The  larva3  of  Aschiza  and  Schizophora  are  of  a  different  type, 
for  in  these  the  head  is  very  small  and  either  habitually 
retracted  or  poorly  developed,  without  any  neck  or  distinctly 
marked  division  from  tlxe  thorax,  while  the  jaws  are  generally 
represented  by  two  small  hooks  which  work  up  and  down,  and 
not  horizontally  as  in  many  Nemocara.  With  the  exception  of 
some  ^iyrphidxE  we  do  not  know  of  any  prcdaceous  larvae  in 
these  groups  ;  a  few  are  aquatic,  a  considerable  number  attack 
living  plants,  and  a  still  larger  proportion  are  scavengers  or 
are  parasitic  on  insects  or  mammals.  I^xcluding  the  aquatic 
and  some  of  the  parasitic  forms,  the  general  ai)pearance  of  the 
larva  is  much  the  same  in  the  great  majority  of  the  species. 
The  tail-end  is  thick  and  blunt,  bearing  two  chitinizcd  patches 
marking  the  openings  of  the  posterior  spiracles  :  from  the  tail 
the  body  tapers  towards  the  head,  which  is  quite  small,  eyeless, 
and  furnished  with  a  pair  of  downward-curving  booklets  which 
serve  as-jaws.  The  adults  are  nearly  all  flower-flies,  a  few  are 
predaceouH,  and  there  are  a  small  number  of  species  which  suck 
l)Iood. 

If  we  (»,xcci)t  the  Fleas,  Mosquitos,  Sandflies,  and  perhaps 
some  Midg(^s,  we  may  say  that  no  Dvptcra  appear  to  be 
nocturnal.  Excepting  the  predators  and  blood-suckers,  the 
adults  frequent  cither  flowers  or  filth.  Hibernation  apparently 
takes  j)Iace  most  often  in  the  larval  or  l)upal  condition,  but 
sufficient  information  on  this  point  has  not  yet  been  accumu- 
lat(Ml ;  sonui  flicH  (e.g.  Mosquitos)  are  known  to  hibernate  as 
adults. 

Not  much  is  known  about  the  past  history  of  Diftera,  but 
from  the  study  of  insects  i)re8orved  in  amber  it  appears  that 
th<^  oldest  forms  are  among  the  Nemocem,  and  that  the  Schizo- 
phora  are  of  much  more  recent  dcv<?lopment.  Now  if  we  com- 
pare these  two  groups  wo  shall  s(h^  that  development  has  largely 
taken  the  form  of  reduction,  shortc^ning,  and  simpHfication  of 
parts  rather  than  the  production  of  new  ones.  This  does  not 
apply  to  the  ptiiinum,  wMcli  is  an  organ  not  possessed  by  any 
of  the  Nenu>cera,  but  it  does  apply  especially  to  the  antennae, 
palpi,  and  venation.  Figure  136  represents  two  antennae  of 
Nernocera^  two  of  Brachycera,  and  one  of  Aschiza  and  Schizo- 
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phora.  The  possible  course  of  development  is  clearly  seen 
whereby  a  Nemocerous  antenna  might  in  course  of  time  be 
modified  into  the  compact  thxee-joiated  Muscid  pattern  (6). 
So  also  with  the  maxiQary  palpi  (labial  palpi  are  very  rarely, 
if  ever,  present) ;  those  of  the  Nemocera  generally  have'  four 
joints,  the  Brachycera  two  or  one,  the  AscMza  and  Schizophora 
always  one  only. 
The  question  of  venation  is  more  complex;  however,  on 


Fig.  136. — Antennae  of  Diptera. 
1.  C\ilicid.   2.  SlmuUid.   3.  Tabanid.   4.  Bolichopodid.   5.  Syrphid.   6.  Mupcld. 
(After  Gomstock  and  Sharp.) 


comparing  the  wings  of  the  Nemocera,  Brachycera,  Aschiza, 
and  Schizophora,  it  is  clear  that  the  main  characteristic  of  the 
Schizophora  is  the  comparatively  few  veins  in  the  hinder  part 
of  the  wing,  and  the  closing  up  of  the  cells  near  the  base  (basals 
and  anal).  In.  the  Nemocera  the  hind  part  of  the  wing  has 
several  veins,  and  the  anal  ceU  is  large  and  open.  In  the 
Brachycera  the  anal  cell  shows  signs  of  diminution,  and  may  be 
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either  narrowed  at  the  margin  or  closed.  In  the  Aschiza  it  is 
always  closed,  though  often  large,  while  in  the  Schizojphora 
it  is  always  closed  and  usually  quite  small.  In  this  connection 
it  should  be  pointed  out  that  though  what  has  just  been  said 
is  true  on  the  whole,  yet  indications  of  this  line  of  development 
by  reduction  of  wing-veins  can  also  be  traced  in  each  of  the 
four  groups  taken  singly,  more  particularly  among  some  of  the 
smaller  Nemocera  and  Brachycera,  such  as  the  Ghironomidce, 
some  Bibionidce,  and  especially  Simulium  in  the  former,  and 
in  the  latter  some  Stratiomyidce,  Cyrtidce,  Dolichopodidce,  and 
especially  Phoridce,  The  same  tendency  towards  simplifi- 
cation is  met  with  in  the  larvse.  Speaking  in  a  general  way 
one  may  say  that  the  oldest  famihes  of  flies  are  those  which 
have  aquatic  or  semi-aquatic  larvae  with  distinct  head  and  eyes. 
Such  larvae  are  the  rule  among  Nemocera.  Bibionid  and 
Mycetophilid  larvae,  though  not  aquatic,  cannot  endure  drought. 
The  gall-making  Cecidomyiidce  are  a  much  specialized  family 
whose  larvae  are  in  no  way  aquatic. 

In  the  Brachycera  there  are  a  good  number  of  this  aquatic 
or  semi-aquatic  type  among  the  more  primitive  families 
{Leptidce,  StratiomyidcSy  and  Tabanidce),  but  most  Brachy- 
cerous  larvae  {Asilidce,  Therevidce,  etc.)  hve  on  land,  preying 
on  such  insects  as  are  found  in  rather  damp  but  not  very  wet 
places,  such  as  rotting  wood,  bark,  or  in  moss  or  earth.  They 
are  active  with  distinct  heads,  the  eyes  are  present  in  some 
species  and  absent  in  others,  and  the  antennae  are  not  so  well 
developed  as  in  Nemocerous  larvae.  There  also  occur  in  this 
group  a  large  number  of  parasitic  larvae  (Bombyliidce),  but 
these,  at  any  rate  in  their  later  stages,  are  almost  incapable 
of  motion  and  have  no  distinct  head,  jaws,  eyes,  or  antennae, 
though  when  newly  hatched  the  larvae  may  be  very  active. 
Among  the  Aschiza,  there  is  a  considerable  variety  in  the  form 
and  habits  of  the  larvae  ;  they  maybe  scavengers,  vegetarians, 
predators,  parasites,  or  commensals,  and  there  are  a  small 
number  which  are  aquatic  (e.g.  genus  Eristalis  in  family 
Syrphidce)y  but  in  spite  of  this  variety  in  their  mode  of  life  the 
head  is  never  well  developed,  and  the  eyes  and  antennae  are 
either  absent  altogether  or  extremely  small,  the  general  shape 
approaching  that  of  a  ''maggot."  Much  the  same  may  be 
said  of  the  larvae  of  Schizophora,  but  in  this  group  there  is  less 
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variety  of  habit.  In  the  section  containing  what  arc  probably 
the  older  and  Ickk  recently  developed  families  (the  aealyptrate 
muHcoidK  there  are  a  few  aquatic  larvae  (e.g.  Ephydridcv, 
tici()7mjzid(v)  ;  and  of  the  rent  very  few,  if  any,  are  truly  i)r(^- 
daceous,  and  alrnont  all  feed  on  living  plants,  or  are  scavengerK 
or  paraniteH.  Simplification  of  form  has  lu^re  been  carried  to 
an  extreme,  the  head  and  sense  organs  being  reduced  to  th(^ 
Iow(^st  possible  point.  The  })robable  reason  of  this  extreme 
Kimj)lification  lies  in  the  shelter  and  prot(iction  which  the  larval 
habits  ensure :  living,  as  these  larva»  do,  either  inside  phmts. 


FiO.  137. — Diugniiii  of  Ii<*a<i  of  SniUfphuga  MvrcamrUif  nhuwrn^  main 
hrinUoH.    I^cft  figiiri'    j»rofil<«.    Kiglit.  figun*    f>blifjui?  plnu. 

I.  l»<mt-v«'rtl«4l.   2.  Vertical  (Inner).   X  Vrrtlnil  (mU-r).    1.  VmU>rUU\\.    5.  Oci  lUir. 
CK  FnmU>-()rl»ltal.   7.  Cruduti*.   k.  Front iil.   i».  Oral  vibrlH»*H*. 


under  dung  and  dt^caying  matter,  or  as  parasites  in  the  l)0(li(*H  of 
inseicts  and  oth(^r  animals,  thc^y  have  littler  nc^ed  of  any  organs 
excerpt  those  which  enable  them  to  breath(%  eat,  and  digc^st ; 
all  else  has  tcmdcHl  to  degc^nerato  and  disapptnir,  leaving  as 
residue*,  the  typical  maggot,  a  creature  admirably  aelaptwl  to 
succeed  in  its  own  simple  way  of  life. 

The  head  of  a  fly  is  as  a  rule  spherical  or  hemispherical  in 
sha|H$,  and  may  have  bristles  on  th<^  verti»x,  front,  and  cheekn, 
and  round  the  oral  margin.  In  some  families  the  head,  com- 
parcnl  with  the  thorax,  is  small  and  gives  the  flies  a  hunefi- 
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rn.^  f^^re^a  are  often  lareo  and  may  occupy 
backed  appearance.  ^^^f  L  „  P^^^^^^ 

nearly  all  the  Kurfacc^of  the  head  (e  g  j  characteristic 
few  families  the  eyes  have  f«^«f «  ^^^^^^^^^^^^^^  of  the  males 
though.  usu.dly  when  they 

arc  frequently  c  oser  ^ff^'^'l^^^^^^  the  females.  This 
arc  known  as  "  holoptic  )  than  those  ot 

pLt  ;,Uh:  f  r^^^^^^^^^^       the  compound  eyes ;  there  are  usuaUy 


hep- 


'hyp- 


.       .     f  m,HMi,ut  .ulmy,rmMn«  ( X  30)  (Blightly  modiliod 

-     lalilum.  la-  -  Wrelta. 


,  f  „f  «  triantrlo  •  occasionally  one  may 
three,  arrangcl  in  the  form  of  ^^^^J^^l^  ^.^^^^  ,ated  and 
he  absent,  the  two  rcmammgbemg  more  wia  y 

lying  <aoKe  to  the.  cyw-  structurcH  found  in  the 

The  mouth-parts  may  mcludc  a  I  ttt^ 

Himplcr  inserts,  but  ^^^J";  PXl^e  In  the 

or  may  have  --<^^l?;^/^ZZ  t^^^ 

8impUTtyi)CH.  aHmtho^em^«ra  ^^^.^^  ^.^^^  j^yp^. 

epipharynx,  the  max.lto  P*'J^  '  .  ^he  types  such  as 
pUrynx  but  .v^thou^^^^^^  rerf^f  di^^pcaral^c  of  man- 
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dibles  and  maxillae,  the  epipharynx  and  hypopharynx  form 
the  functional  parts  with  the  labium  as  a  sheath  and  guide. 
In  the  latter  the  mouth-parts,  if  suctorial,  depend  on  the 
conjunction  of  epipharynx  and  hypopharynx  as  a  channel 
up  which  food  is  sucked,  and  the  hypophar3nix  is  usually  the 
tubular  piercing  structure  through  which  the  secretion  of  the 
saHvary  gland  is  pumped  into  the  host. 

In  all  forms  which  are  not  blood-sucking,  the  labium  alone 
becomes  dilated  at  the  apex  either  into  a  short  broad  hairy 


ICL. 

Fig.  139. — ^Mouth-parts  of  a  Muscid. 
3?.  =  palp.  la.  —  labolla.   pt.  =  pseudo-tracheae,    lab.  =  labium.    pr.l.  —  prelabrura. 

tongue,  which  functions  as  does  that  of  a  bee,  or  into  two 
opposed  lobes  with  a  compHcated  series  of  channels  kept  open 
by  chitinous  rings  which  limit  the  size  of  the  particles  in 
the  liquid  passing  along  a  channel.  In  such  forms  as  Musca, 
the  lobes  at  the  apex  of  the  mouth  (the  labella)  act  as  squeezing 
organs  (with  a  scraping  action  produced  by  teeth  at  the  base 
of  the  lobes)  and  liquid  passes  along  the  channels  to  the  centre, 
where  it  passes  up  the  pharynx. 

In  aU  forms,  there  is  a  pharynx  with  muscles  which  acts  as  a 
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sucking  pharynx  to  draw  fluid  up  from  the  food  channel :  in 
the  case  of  a  direct  blood-sucker  such  as  Culex,  the  blood  is 
drawn  straight  in  between  the  epipharynx  and  hypopharynx, 
which  themselves  are  embedded  in  the  tissue  of  the  host. 

It  is  impossible  in  this  place  to  give  a  structural  account  of 
the  mouth-parts  in  detail :  in  the  textbook  of  Patton  and 
Cragg  (1913)  it  occupies  forty-seven  pages  with  many  plates, 
and  this  deals  only  with  blood-sucking  species  and  Musca, 
For  our  purpose  there  are  simple  mouth-parts,  blood-sucking 
or  lapping,  with  most  of  the  parts  of  the  normal  mouth  ;  there 
are  greatly  reduced  piercing  mouth-parts  with  practically  only 


Fig.  140. — Mouth-parts  of  Culex  fatigans.    (x  30.)    (Modified  from  Patton 

and  Cragg.) 

a.  a=  antenna,   e,  =  eye.   c.  =  clype\is.   l.ep.  =  labium  and  epipharynx.  md.  =  mandibles. 
mx.  =  maxillfiB.   hyp.  =  hypopharynx.   lab.  =  labium,   la.  =  labella. 


the  epipharynx,  hypopharynx,  labium,  and  palps ;  there  are 
liquid-absorbing  mouth-parts  with  mainly  the  developed 
labium,  but  sometimes  also  piercing  parts ;  and  there  is,  for 
instance,  the  extraordinary  combination  (Pangonia)  of  a  long 
honey-lapping  labium  with  short  piercing  organs.  It  may 
be  noted  that  very  little  is  known  about  the  mouth-parts  of 
Nemocera  and  Brachycera,  except  when  these  are  blood- 
sucking. 

A  word  should  be  said  here  about  the  breathing  arrangements 
of  Dipterous  larvae  and  pupae.  The  devices  and  structures 
which  they  employ  to  obtain  oxygen  are  extremely  beautiful, 
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but  so  various  that  we  cannot  attempt  any  general  account  of 
them ;  the  student  will  find  a  great  deal  of  interesting  in- 
formation in  Mali's  Aquatic  Insects,  and  further  knowledge 
can  be  obtained  from  the  nearest  pond. 

The  typical  respiratory  system  of  the  Dipterous  larva  consists 
of  two  big  tracheal  tubes  rxmning  from  tail  to  thorax,  connected 
with  each  other  by  cross-tubes  and  having  side  branches  to  the 
lateral  spiracles.  There  is  a  general  tendency  for  these  lateral 
spiracles  to  degenerate,  so  that  breathiQg  may  be  mainly  or 
entirely  carried  on  by  the  anterior  (prothoracic)  and  posterior 
spiracles  only  ;  larvae  with  this  arrangement  are  called  amphi- 


FiG.  141. — Pleural  divisions  of  Syrplius  (aftior  Williston). 

Pro.  ==  proplcura.   Meso.  —  mcsopleura.   Meta.  —  mctapleura.   Sterno.  =  sternopleura. 
Ptero.  =  pteropleura.   Hypo.  =  hypopleura. 

pneustic ;  "  in  many  larvae,  expecially  in  aquatic  species,  the 
posterior  spiracles  alone  remain  functional,  and  then  the  larvse 
are  called  metapneustic."  In  these  aquatic  forms  respiration 
is  often  carried  on  in  part  by  gill-processes,  generally  situated 
at  the  tail  end  of  the  body.  Some  parasitic  larvse  {(Estridce) 
are  able  to  live  for  long  periods  in  the  body  of  their  victim 
without  air. 

The  thorax  is  very  compact.  Viewed  from  above,  the  meso- 
notum  alone  is  visible,  covering  the  whole  thorax,  except  in 
the  Nemocera,  where  usually  a  narrow  pronotum  can  be  seen. 
A  "transverse  suture  "  runs  across  the  mesonotum  ia  front  of 
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the  point  of  attachment  of  the  wings ;  it  is  often  incomplete  ! 

in  the  middle.    Another  suture,  behind  the  wings,  also  running  i 

transversely,  cuts  off  a  small  portion  of  the  mesonotum,  the  i 

scutellum."   In  the  Celyphidce  the  scutellum  is  enormously  j 

developed,  so  that  it  almost,  or  quite,  covers  the  abdomen  and  | 

wings.  : 

The  wings  spring  from  the  sides  of  the  mesonotum  and  their 
venation  is  one  of  the  important  features  of  classification, 

cv            sec          /                             jj^c  \ 


Fig.  142. — ^Wing  of  Tabanus,  named  after  Williston. 

cv  =  costal  vein.  1-6  =  lst-6th  longitudinal  veins,  a  —  auxiliary  vein.  £i  =  1st  basal  cell. 
B2  =  2nd  basal  cell.  D  =  discal  cell.  Pi-Ps  =  lst-5th  posterior  cells,  cc  =  costal  cell. 
sac  >=  sub-costal  cell,  mc  =  marginal  cell,  smc  =  sub-marginal  cells.  A  =  anal  cell. 
Ax  =  axillary  cell. 


There  are  two  systems  of  nomenclature  of  the  venation  of 
Dipterous  wings,  Comstock's  and  Williston's ;  exhaustive 
detaUs  of  these  two  systems  will  be  foimd  in  the  authors' 
respective  works,  WiTigs  of  Insects  and  North  American 
Diptera.  We  do  not  propose  entering  into  a  discussion  on  these 
systems,  but  in  this  connection  see  figs.  142  and  143.  The 
posterior  basal  part  of  the  wings  is  often  cut  into  one,  two, 
or  three  lobes,  the  ''alula,"  anti-squama,"  and  "squama" 
respectively,  the  alula  being  the  most  distal  of  the  three,  and 
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the  squama  being  proximal  to  the  thorax.  At  rest,  the  anti- 
squama  lies  over  the  squama  and  both  cover  the  ''halteres." 
These  last  are  homologous  with  the  hind-wings  of  other 
insects  and  are  borne  on  the  metanotum. 

Each  division  of  the  thorax  bears  a  pair  of  legs  ventrally. 
Each  leg  is  composed  of  a  coxa,  trochanter,  femur,  tibia,  and 
five  tarsi.  The  tibia  may  sometimes  have  a  pre-apical  bristle 
a  little  below  the  middle,  and  if  it  has  one  or  more  spines  at  the 
distal  end  it  is  said  to  be  spurred." 

The  tarsus  consists  of  five  joints,  the  proximal  one  being  the 
metatarsus.    The  fifth  joint  usually  bears  a  pair  of  claws 


l^^cosial  cell 


2'^^  cosUU 
cell. 


Sicb- costal 
ccU.. 


K,ceU. 


-  Mt  cell: 

Analo.     J  \M,ceM..     \^^^'' ^2  cell. 

OMal  ceU .  CU,  hoi.  ^^^^^ 

Fig.  143. — ^Wing  of  Tdbanus  (Comstock  and  Needham's  nomenclature). 

(ungues),  under  each  of  which  is  often  a  pad-like  structure,  the 
pulvillus.  Between  these  may  be  a  median  structmre,  the 
empodium. 

This  is,  as  a  rule,  bristle-like,  but  is  occasionally  in  the  form 
of  a  pad,  in  which  case  it  is  said  to  be  pulvilHform. 

The  abdomen  consists  of  from  nine  segments  (in  some 
Tipulidse)  down  to  five  (in  some  of  the  Galyptratce),  rarely 
four.  The  genitalia  of  the  males  are  known  collectively  as  the 
hypopygium.  In  some  families  they  are  very  prominent,  and 
are  useful  in  classification.  The  ovipositor  of  the  females  is  usu- 
ally hidden,  but  in  some  cases  projects ;  a  few  are  very  long. 
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The  alimentary  canal  consists  of  the  pharynx,  oesophagus, 
and  the  characteristic  proventriculus  "  or  sucking  stomach. 
Behind  is  the  true  stomach,  into  the  posterior  end  of  which 
enter  the  Malpighian  tubules,  usually  four,  rarely  five,  in 
number,  which  sometimes  unite  into  one  or  two  ducts  leading 
into  the  intestine. 

In  the  nervous  system  there  is  a  ventral  chain  of  gangha, 
three  thoracic  and  six  abdominal,  as  found  in  the  more  primi- 
tive forms.   As  one  passes  towards  the  Calyptratce  one  finds  a 


Em 


MT 


PB 


If'''*  P 

ri 

Fia.  144. 

I.  Part  of  Fore-leg  of  II.  Last  Tarsal  Joint  of 

Sajpromyza  prceusta.  Conops  sp. 

T  »=  tibia.    PJ3  =  pre-aplcal  bristle.  P  »  pulvillus.    Em  =  empodium 

MT  ~  metatarsus.  C  >=  claw. 

tendency  for  the  ganglia  to  fuse  up  and  in  the  later  families 
but  one  ganglion  is  found. 

The  two  tracheal  trunks  of  the  respiratory  system  expand 
at  the  base  of  the  abdomen  into  bladder-like  expansions. 

The  reproductive  organs  of  the  female  consist  of  a  large 
number  of  egg-tubes,  three  spermathecse  and  a  pair  of  accessory 
organs.  The  males  possess  a  pair  of  testes,  with  short  vasa 
deferentia  and  a  well-developed  penis  and  accessory  organs. 

The  sense  organs  of  flies  are,  with  the  exception  of  the  halteres, 
located  in  the  head.  The  eyes  as  a  rule  are  well  developed 
and  adapted  to  appreciate  movement.  The  predaceous  flies 
catch  their  '^prey  on  the  wing,  and  Kelly  (1914)  has  given 
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an  account  of  some  species  of  Sarcophaga  which  endeavour  to 
lay  their  young  on  grasshoppers  as  the  latter  pass  through  the 
air — though  they  are  liable  to  larviposit  indiscriminately  on 
any  small  thing  moving  through  the  air,  either  other  insects 
or  balls  of  paper. 

The  sense  of  smell  is  located  in  the  antennse  and  palps  and 
is  better  developed  in  Diptera  than  in  the  other  orders.  The 
sensory  apparatus  consists  essentially  of  a  hypodermal  cell,  a 
thin- walled  chitinous  process  and  a  nerve  fibre.  These  processes 
occur  in  different  forms.  In  the  Nemocera  they  occur  singly 
or  in  small  groups  in  all  the  joints  of  the  antennae  and  the 
palps,  but  in  the  Brachycera  they  are  not  found  on  the  first 
two  joints  of  the  antennse,  and  in  the  Cyclorrhapha  they  occur 
on  the  third  joint  alone.  Groups  of  relatively  few  sensory 
processes  are  often  situated  in  pits,  especially  in  the  Gyclor- 
rJiapha.  The  Syrphidce  show  in  addition  a  very  large  pit  con- 
taining a  great  number  of  processes  packed  tightly  together. 
Such  a  pit  may  occupy  nearly  the  whole  of  the  interior  of  the 
flagellum  (K.  M.  Smith,  1919).  The  olfactory  sense  relation- 
ships of  flies,  to  their  food,  to  their  breeding-places,  and  to  each 
other,  offers  a  wide  field  for  research,  and  at  present  very  little 
is  known  about  them.  Some  flies  are  strongly  attracted  by 
specific  substances,  as  Howlett  (1912  and  1915)  showed  with 
regard  to  species  of  Dacus,  the  males  being  attracted  to  iso- 
eugenol,  methyl-eugenol,  or  both,  according  to  species.  The 
males  of  the  Mediterranean  fruit-fly,  Ceratitis  capitata,  are  also 
attracted  strongly  by  kerosene.  Much  work  has  been  done 
on  the  chemotropic  responses  of  the  house-fly :  0.  Lodge  (Proc. 
Zoo,  Soc.  London,  1916),  etc.  Imms  and  Husain  (1920)  give 
an  account  of  the  relationships  between  various  chemical 
.  substances  and  their  attractions  for  flies. 

Metamorphosis  in  Diptera  is  complete.  The  larvae  are  quite 
unlike  the  adult  in  every  way.  They  are  uniformly  legless, 
though  they  may  have  processes  on  the  segments  to  aid  in 
locomotion. 

The  pupae  are  obtect  in  most  of  the  Orthorrhapha,  coarctate 
in  the  remainder  and  in  the  GyclorrhapM, 

The  larval  and  pupal  period  are  relatively  short,  compared 
with  other  orders,  a  few  days  often  being  sufficient  for  develop- 
ment from  egg  to  imago. 
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Flies  must  be  fertilized  before  they  can  give  rise  to  young. 
The  exception  to  this  is  where  psedogenesis  occurs  in  Cecido- 
myiidce:  and  Wasmann  has  stated  that  the  termitophilous 
Phorid  Termitoxenia  is  parthenogenetic.  Eggs  are  commonly 
laid  by  flies,  but  there  are  many  exceptions.  The  Glossinince  and 
larviparous  Pupipara  lay  full-grown  larvse  which  pupate 
almost  at  once. 

Fhes  are  well  represented  all  over  the  globe,  but  more 
especially  in  tropical  regions  where  it  is  not  too  dry.  In  spite 
of  their  ubiquity  they  have  to  contend  with  numerous  dangers. 


I  n 

Fig.  145. — (I)  Pupa  of  Atiopheles.    (  x  lo.)    (After  Patton  and  Cragg,  with 
slight  alterations.)    (II)  Puparium  of  Musca  dotnestica.  ( X  6.) 

Large  numbers  are  parasitized  in  their  larval  stages  by  Chalcids, 
and  also  by  members  of  a  Dipterous  family,  the  Tachinidce. 
The  adults  fall  a  prey  to  the  numerous  forms  of  predaceous 
insects,  to  which  may  be  added  spiders  and  insectivorous 
vertebrates ;  the  larvae,  aquatic  as  well  as  terrestrial,  are  the 
favourite  food  of  many  predators.  On  the  other  hand,  they 
have  become  very  adaptable,  and  cope  better  with  the  changes 
of  natural  conditions  than  the  majority  of  the  groups  of 
insects. 

The  economic  importance  of  flies  rests  mainly  with  the 
medical  aspect.    Of  late  years  they  have  been  shown  to 
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convey  in  one  way  or  another  various  diseases,  and  in  some 
cases  themselves  are  parasites  in  man  or  his  stock.  In  a  lesser 
degree  they  cause  harm  to  cultivated  vegetable  products, 
members  of  the  Cecidomyiidce  and  Trypetidce  in  particular  doing 
widespread  damage. 

We  are  indebted  to  the  late  F.  M.  Howlett  in  his  introduc- 
tion to  Dijptera  in  Indian  Insect  Life  for  the  sections  on  the 
Main  Divisions  of  Diptera,  the  Life-histories  in  general,  and 
the  Past  History  and  Development,  which  sections  have  here 
been  quoted  at  length  unaltered. 

CiASsmcATioiir. 

The  classification  adopted  is  as  follows : — 

L  OrthorrJiapha 

A.  Nemocera      .       .       .       13  famiUes. 

B.  Brachycera     .        .       .       16  „ 

II.  CyclorrMpha 

A.  Aschiza         ...        3  „ 

B.  ScMzophora  : 

(1)  Acalyptraice  .        .       19  „ 

(2)  Calyptraice     .        .         6  „ 
0.    Pupipara       .        .       .        4  „ 

Note, — In  describing  the  various  families,  use  has  been 
made  of  shghtly  vague  terms  when  referring  to  size. 
Musca  domestica  has  been  taken  as  being  a  medium-sized 
fly,  and  the  other  expressions  are  relative  to  this.  The 
minutest  flies  belong  to  the  Cecidomyiidce,  the  smallest  being 
about  one-fiftieth  of  an  inch;  and  all  gradations  are  found 
up  to  the  largest  forms,  about  two  inches  long. 

General  Textbooks. — ^D.  Sharp,  Insects,  vol.  II,  Camb.  Nat. 
Hist.  (1899).  WiUiston,  North  American  Diptera  (1908). 
Howlett,  Diptera,  Indian  Insect  Life  (1909).  Patton  and  Cragg, 
Textbook  of  Medical  Entomology  (1913). 
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Sub-Order  I.  OBTHORRHAPHA 

Flies  which  emerge  through  a  longitudinal  slit  in  the  back 
of  the  thorax  of  the  pupa. 

(a)  NEMOCERA 

Antennae  with  six  or  more  joints  ;  palps  rarely  less  than 
four-  or  five-jointed  ;  Ri,  Rg,  R3  separate,  R4  and  Rg  fused  ; 
larvae  eucephalous  with  opposed  mandibles. 

TrPTJLID^. 

Crane-flies,  Daddy-long-legs. 

The  mesonotum  with  a  V-shaped  suture.  The  costal  vein 
runs  round  the  wing.  Discal  cell  present.  Antennae  six  to 
thirty-nine  joints.   Palpi  four  to  five  joints. 

This  family  is  widely  distributed  over  the  world.  In  size 
the  flies  are  fairly  small  to  large,  slender  and  brownish  in 
colour,  with  long,  fragile  legs.  The  sexes  are  easily  distin- 
guished by  the  shape  of  the  abdomen,  which  in  the  female  has 
a  pointed  ovipositor,  and  in  the  male  is  terminated  by  a  pair 
of  large,  blunt  clasping  organs. 

Crane-flies  may  be  seen  in  the  summer  time  fljdng  about  in 
a  seemingly  aimless  manner 


over  grassland,  marshes 
and  low-lying  meadows  and 


woodland.   As  soon  as  they 

issue  from    the    pupa    the  Fig.  146.—Tipulid  Larva. 

flies   are   ready   to   mate,  (x  ij.) 

and  a  single  female  may  lay 

upwards  of  200  hard,  seed-like  eggs,  pushing  the  ovipositor 
well  into  the  ground  for  the  purpose.  The  larvse,  commonly 
known  as  "  leather- jackets,"  hatch  in  from  seven  to  fifteen 
days  (Rennie,  1917  and  1918).  The  integument  is  tough  and 
leathery,  and  of  a  greyish  or  brownish  colour.  The  number 
of  segments  is  eleven  to  twelve,  and  the  tracheal  system 
metapneustic.  The  larvae  may  be  found  in  soil,  decomposing 
woody  matter,  under  bark  and  in  water;  but  a  few  species 
live  above  ground,  eating  the  leafage  of  grasses  and  herbaceous 
plants.    A  small  group,  the  Cylindrotomini,  including  six 
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species,  are  remarkable  for  the  fact  that  the  larvae  are  green 
and  live  on  the  green  parts  of  Bryophytes  and  flowering  plants 
(Cameron,  1918).  Dictanomyia  foliocunicutor  is  a  small  form, 
httle  more  than  one-sixth  of  an  inch  long,  whose  larva  mines 
the  leaves  of  species  of  Cyrtandra  in  Hawaii.  Pupation  takes 
place  in  the  mine  (Swezey,  1915).  One  species  breeds  commonly 
under  glass  in  England.  Hibernation  takes  place  in  the  larval 
stage,  and  pupation  occurs  in  the  spring.  The  pupae  develop 
transverse  rows  of  bristles,  which  enable  them  to  wriggle 
through  the  soil.  There  may  be  one  or  two  broods  a  year. 
In  the  larval  stage,  Tipulids  are  of  some  economic  importance, 
mainly  in  temperate  regions,  as  they  devour  all  kinds  of  roots, 
and  attack  indiscriminately  grass  and  all  sorts  of  cereals, 
turnips,  mangolds,  clover,  peas,  beans,  cabbages  and  the 
decorative  plants  of  gardens ;  in  the  aggregate  pasture  lands 
seem  to  suffer  most,  and  especially  the  fine  grasses  of  golf 
putting  greens.  The  offenders  belong  chiefly  to  the  genus 
Tipula  (T.  oleracea,  T.  paludosa,  etc.) — also  PachyrhiTia, 

Birds  are  important  checks  on  the  crane-fly,  particularly 
starlings,  rooks  and  ravens.  Moles  also  have  a  great  taste  for 
them.  Parasites  belonging  to  the  family  Tachinidce  have  been 
recorded  from  some  species — Admontia  arnica  (Bezzi  and 
Stein),  Bucentes  geniculata  from  T,  oleracea  and  T.  paludosa, 
and  Siphona  cristata  from  T,  gigantea  (Eennie  and  Sutherland). 
Four  species  of  Empusa  have  also  been  reported  (F.  Picard). 

Control  of  leather-jackets  depends  much  upon  local  cir- 
cumstances ;  where  it  can  be  used,  naphthalene  at  two  or 
three  hundredweight  per  acre  is  a  good  preventive.  For 
gardens  and  golf  greens  naphthalene  and  powdered  soap, 
watered  in,  is  a  specific  cure. 

PSYCHOniD^. 

Moth-flies,  Owl-midges,  Sand-flies. 

Wings  with  ten  longitudinal  veins  ;  no  cross -veins  except 
at  the  base .  Wings  hairy  and  in  a  few  forms  with  scales  also . 

These  flies  occur  in  all  countries  of  the  world.  In  size  they 
are  small  to  minute,  with  hairy  wings,  giving  them  a  dull 
grey  or  brown  moth-like  appearance.   The  mouth-parts  are 
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usually  short,  but  in  the  genus  Phlebotomus  they  are  longer 
and  rigid.  The  genitalia  of  the  males  are  long  and  prominent, 
having  a  large  pair  of  clasping  organs,  which  is  a  ready  means 
of  identifying  the  sexes.  The  flies  live  in  shady  places 
and  lay  their  eggs  in  decaying  vegetation,  dung,  water,  or  in 
damp,  stony  situations.  Psychoda  is  a  common  aquatic  form, 
the  larva  living  in  algae  in  still  ponds  ;  others  hve  where 
water  drips,  feeding  on  the  algae. 

Their  economic  importance  is  confined  to  the  genus 
Phlebotomus,  on  account  of  its  blood-sucking  propensities. 
Plies  of  this  genus  are  not  found  in  the  cooler  climates,  but 
are  otherwise  freely  distributed  throughout  Southern  Europe, 
the  Mediterranean  coast,  North,  East,  and  West  Africa, 
Arabia,  India  and  South  America.  They  are  known  to  be  the 
vectors  of  Pappataci  fever  (also  called  three-day  fever,  sand- 
fly fever,  etc.),  in  which  three  species  are  at  present  known 
to  be  concerned,  P.  papatasii,  Scop. ;  P.  minutus,  Eond. ;  and 
P.  perniciosus,  Newst.  Dengue  may  also  be  transmitted.  P. 
minutus  is  also  responsible  for  Oriental  sore  "  (Sergent  and 
others,  Paris,  1915).  C.  H.  T.  Townsend  (Wash.,  1915) 
claims  P.  verrucarum  as  the  carrier  of  verruga  in  Peru.  In 
the  last  two  cases  the  flies  are  known  to  feed  on  lizards  and 
other  reptiles,  which  are  regarded  as  the  reservoir  for  the  causal 
agents  of  those  diseases. 

The  eggs  of  Phlebotomus  are  laid  under  damp  stones,  and  in 
the  cracks  of  masonry,  walls,  caves,  etc.,  and  hatch  in  six  to 
nine  days.  The  larvae  bear  two  pairs  of  long,  caudal  bristles 
and  feed  on  the  excreta  of  Kzards,  bats,  woodlice  and  insects, 
and  live  about  eight  weeks.  Pupation  lasts  about  a  fortnight. 
Both  larvae  and  adults  shnn  the  bright  dayhght  and  seek  dark 
or  shady  habitats.  They  fly  about  during  the  dark  hours  if 
the  air  is  still,  but  never  far  from  their  hiding-places,  which 
they  seek  at  once  if  any  wind  arises.  Both  sexes  vaU  suck 
up  the  juices  of  moist  organic  detritus,  but  the  females  alone 
suck  blood. 

Owing  to  the  small  size  of  these  pests  and  the  difficulty  of 
locating  their  breeding-places,  which  may  cover  wide  areas, 
control  is  a  matter  of  considerable  difficulty.  Defensive 
measures  against  the  adult  seem  to  be  the  best  that  can  be 
done  at  present. 

EE 
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Two  parasites  are  at  present  known,  one  a  species  of  HerpetO" 
monas  found  by  Maokie  in  India;  and  a  fungus,  Empusa 
papatasii,  found  by  Marett  in  Malta. 

R.  Newsteadj  The  Pappataci  Flies  of  the  Maltese  Islands/' 
BulL  of  Ent,  Res.  (1911). 

Larrousse  :  i!iud€  Systemaiique  et  Medicale  des  Phleboiomes 
(1921). 

DiXIDiE. 

Proboscis  projecting.  Eyes  round.  Coxae  somewhat 
elongated.  R2  arises  from  Ri  near  the  middle  of  the  wing  ; 
the  radio-medial  cross-vein  close  to  the  branching  of  R2  and 
R4  4.  5. 

These  flies  are  smaUish,  having  a  general  resemblance  to 
mosquitos,  from  which,  however,  they  differ  in  the  wing 
venation,  and  in  bearing  no  scales.  The  larvae  are  aquatic, 
living  at  the  edges  of  stUl  or  slowly  running  water,  and  are 
Uke  those  of  the  mosquitos.  The  adults  frequent  damp  and 
sheltered  places  and  have  been  seen  dancing  in  swarms.  The 
sexes  may  be  distinguished  by  the  termination  of  the  abdomen, 
which  in  the  females  is  pointed,  in  the  males  broad. 

This  is  a  very  small  family,  having  a  single  genus  Dixa, 
containing  rather  more  than  twenty  species. 

They  are  of  no  known  economic  importance. 

ClJLICIDJE. 

Mosquitos,  Gnats. 

Scales  at  least  on  the  posterior  margin  of  the  wings,  usually 
on  the  wings  and  body  as  well.  Well -developed  proboscis 
and  palps.  Antennae  long,  in  the  male  plumose.  Eyes 
reniform. 

Mosquitos  are  to  be  found  in  all  parts  of  the  world.  They 
are  active  in  damp,  warm  weather,  but  chiefly  dming  the  dark 
hours  and  in  the  shade  of  woods  and  forests.  Either  cold  or 
dryness  adversely  affects  their  activity.  Their  food  consists 
of  plant-juices,  for  which  their  mouth-parts  are  prominent 
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and  rigid,  and  formed  for  sucking.  A  large  number  of  species 
habitually  suck  blood  for  food,  a  custom  confined  to  the 
females,  which  may  be  thereby  identified  as  such.  The 
plumosity  of  the  male  antennae  is  a  further  sex  distinction. 

Their  eggs  are  laid  on  or  near  the  surface  of  water,  either 
singly  {Anopheles,  Stegomyia,  Aedes)  or  in  raft-like  masses 
{Culex).  The  number  laid  may  vary  from  about  40  [A. 
macuUpennis)  to  400  or  so  [C.pipiens),  The  eggs  of  Anopheles^ 
etc.,  are  provided  with  air  chambers,  enabling  them  to  float 
on  the  surface.  The  larvae  of  all  forms  in  this  family  are,  so 
far  as  is  known,  aquatic. 
They  have  a  distinct  head 
with  well-developed  jaws, 
some  being  vegetable 
feeders  and  others  preda- 
ceous  even  to  cannibal- 
ism. The  larvae  breathe 
through  a  pair  of  orifices 
on  the  dorsum  of  the 
eighth  abdominal  segment 
which  are  surrounded  by 
a  fringe  of  hairs  in  the 
sub-family  Anophelince, 
while  in  the  CuUcince  there 
is  a  projecting  tube  in 
addition,  which  struc- 
ture serves  to  identify  the 
sub-family  to  which  the  Fig.  147. — ^Larm  of  Culex  sp.  ( x  6.) 
larva  belongs.    A  further 

distinction  is  found  in  the  breathing  position  on  the  surface : 
the  Anophelines  hang  parallel  to  the  surface,  attached  by  tufts 
of  hairs  along  their  backs,  but  the  Culicines  hang  at  an  angle, 
suspended  only  by  the  circlet  of  hairs  at  the  apex  of  the  respi- 
ratory tube.  Breathing  may  also  take  place  through  tracheal 
gills  round  the  anus,  but  this  is  insufficient  to  maintain  life  by 
itself.  The  larvae  of  the  genus  Mansonia  have  the  curious  habit 
of  boring  their  siphons  into  the  stems  of  water  plants,  from 
which  they  obtain  their  oxygen  (Wesemberg-Lund,  1918). 

The  larva  moults  four  times  during  its  life,  which  is  very 
variable  in  length.    The  pupa  is  also  aquatic  and  is  capable 
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of  active  movements.  In  the  pupa,  abdominal  respiration  is 
replaced  by  a  pair  of  trumpets,  attached  to  the  thoracic  seg- 
ment. In  appearance  the  pupa  is  commxa-shaped,  and  is 
suspended  from  the  surface  by  hairs  on  the  first  abdominal 
segment.  The  length  of  the  pupal  stage  is  two  or  three  days, 
which  may  be  prolonged  by  cold  temperature.  When  the 
adult  is  about  to  come  out,  the  pupa  straightens  out  along  the 
surface  of  the  water,  and  the  imago  emerges  through  a  crack 
along  the  dorsal  surface  of  the  pupal  skin. 

In  colder  climates,  hibernation  takes  place  in  both  larval 
and  adult  stages.  Li  tropical  countries,  adults  remain 
quiescent  during  the  dry  season  (aestivation). 

The  Cvlicidce  form  an  extremely  important  economic  group. 
Since  1878,  when  Manson  discovered  that  the  transmission 
of  Filariasis  was  due  to  mosquitos,  they  have  been  shown  also 
to  convey  malaria,  yellow  fever  and  dengue  ;  K.  Deszimirovics 
(ldl7)  also  reports  that  epidemic  jaundice  is  spread  by  them. 
Hence  the  bionomics  of  Mosquitos  and  control  measures 
agaiast  them,  have  been  subjects  of  a  vast  amount  of  research 
and  literature.  The  general  measures  adopted  against  these 
pests  may  be  summarized  as  under : — 

A.  Destruction  of  larvse. 

(1)  By  draining  marshy  land. 

(2)  By  covering  the  surface  of  the  water  with  some  substance 
which  prevents  respiration,  such  as  cork-dust,  duckweed,  or 
some  sort  of  oO.  The  first  has  been  used  in  wells  with  success, 
the  second  in  ponds.  Oiling  is  probably  the  most  important 
of  these  for  large  sheets  of  water  and  temporary  pools.  It 
has  been  shown  that  paraf&n  oU  containing  1  per  cent,  of  castor 
oil  spreads  over  a  very  much  larger  area  (25  times)  than 
paraffin  alone  and  moreover  the  film  does  not  break  so 
readily  (W.  N.  Leak,  1921). 

According  to  Caballero  (1922),  species  of  the  alga  CTiara 
excrete  a  substance  which  is  fatal  to  mosquito  larvse.  After 
examining  a  large  number  of  likely  breeding-places,  this  author 
found  no  larvse  whatever  in  places  (upwards  of  300)  where 
Ghara  species  were  present,  but  abimdance  of  them  where  this 
alga  was  absent.    Tins  is  not  confirmed. 

(3)  Natural  enemies.  Many  predaceous  aquatic  animals  are 
known  to  attack  the  larvse.    These  include  fish,  the  larvae  of 
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dragon-flies,  water-beetles  and  water-bugs,  tadpoles,  frogs, 
and  newts.  Some  of  the  carnivorous  mosquito  larvae  also 
attack  their  relations. 

Of  these",  small  fish  of  many  species  seem  to  promise  most. 
They  have  been  introduced  with  success  into  Madagascar 
and  Zanzibar,  and  are  used  with  great  effect  in  the  drinking- 
wells  of  Gambia  (Kennedy,  1913).  Where  fish  are  employed 
the  water  should  be  kept  free  from  weeds. 

B.  Defensive  measures  against  the  adult.    These  include  : 

(1)  The  destruction  near  habitations  of  bushes,  scrub,  etc., 
which  are  used  by  the  flies  for  shelter. 

(2)  The  screening  of  dwellings. 

Various  animals  attack  mosquitos,  including  birds  of  various 
kinds,  bats,  spiders,  dragon-flies,  some  species  of  Geratopogon, 
and  so  on.  Itematodes  and  f imgi  have  been  found  parasitizing 
the  larvae. 

Quinine  prophylaxis  is  very  important  in  the  control  of  such 
diseases  as  malaria,  and  should  be  practised  by  all  sojourning 
in  malarial  regions,  as  this  tends  to  diminish  the  reservoirs 
of  the  malarial  parasite. 

G.  Giles  (1902);  Theobald,  Monograph  of  the  Gulioidce  of 
the  World  (1901-1910),  and  Gen.  Ins,,  Fasc.  26  (1905); 
Patton  and  Cragg,  Medical  Entomology  (1913) ;  E.  Hindle 

(1914)  ;   Prince  and  Orenstein,  Mosquito  Gontrol  in  Panama 

(1915)  . 

Ghironomid^. 

Midges. 

Proboscis  short ;  male  antennas  plumose  ;  the  costal  vein 
extending  only  to  the  tip  of  the  wing. 

These  small  flies  are  often  seen  in  swarms  on  still  evenings. 
Many  of  them  are  blood-sucking  and  have  an  irritating  bite." 
They  may  be  distinguished  from  mosquitos  by  their  smaller 
size,  the  fact  that  the  costa  reaches  only  the  tip  of  the  wing, 
by  the  absence  of  scales,  and  by  their  habit  of  resting  with 
their  fore-legs  raised. 

Their  eggs  are  laid  in  decaying  vegetable  matter,  behind 
bark,  in  water.   The  Ceratopogonince  lay  them  in  small  clusters 
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on  aquatic  objects,  while  the  Tanypince  and  Ghironomince 
lay  them  embedded  in  long  strips  of  jelly. 

Most  of  the  larvae  are  aquatic,  have  their  tracheal 
system  closed  and  in  some  cases  rudimentary.  There  are 
blood  gills  on  the  apical  abdominal  segments  of  Ghironomus, 
Some  species  of  this  genus  are  red  blood- worms  the 
colour  being  due  to  hsemoglobin,  and  such  forms  have  been 
found  at  a  depth  of  1,000  feet  in  Lake  Superior.    They  have 

a  bunch  of  hooks  under  the 
head  and  a  paired,  hook-like 
process  at  the  apex  of  the  ab- 
domen. There  are  other  forms 
which  contain  a  green  pig- 
ment. Some  live  in  the  stems 
of  water  plants,  and  others 
make  tubes  or  cases  of  material 
like  silk.  They  are  amongst 
the  commonest  of  aquatic  in- 
sects. 

The  small  green  larvae  of 
Orthocladius  vermlis  have 
lately  been  seen  attacking 
the  roots  of  saxifrage  in  large 
numbers.  Seedlings  of  Cam- 
panula  colorata  were  also  at- 
tacked by  them,  in  this  case 
above  ground,  both  stems  and 
cotyledons  being  bitten.  The 
full-grown  larvae  are  olive 
Fig.  148. — ^Larva  of  Ghironomus.  green,  and  5  mm.  long  by  0*4 
^'^  mm.  broad.   The  pupal  stage 

was  two  to  three  days  at  the  beginning  of  April  (1922),  and 
all  imagines  were  female  (Fox-Wilson). 

The  pupae  as  well  as  the  larvae  are  active  and  breathe  through 
tracheal  gills.  Grimm  (1871)  has  described  a  very  interesting 
form  of  parthenogenesis  in  the  spring  generation  of  one  species, 
in  which  the  pupa  deposits  eggs  a  short  time  before  becoming 
an  imago. 

Up  to  now  the  midges  have  not  been  proved  to  convey  disease, 
but  at  present  they  are  suspect  in  at  least  three  cases,  viz. : 
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(1)  Leishmaniasis  in  the  Amazon  basin  (E.  L.  Walker,  N 
Orleans,  1^17);  (2)  horse-sickness  in  the  Belgian  Congo  '(v4n 
Saceghem,  Paris,  1918)  ;  and  (3)  a  fever  especiiUIv  prevalent 
amongst  children  in  Korea  (S.  Kino.*ita,  Tok\'o,*  1918). 
J,  J.  Kiefier,  {?cn.  Im.,  Fasc.  42  (1906). 


CECiDOjyiynD^E. 


Gall-gnats. 


Antennae  long;  legs  long  and  slender  ;  tibiae  without  spurs  ; 
coxae  short ;  wings  hairy,  few  longitudinal  veins,  no  cross- 
veins. 


These  form  an  extensive  family  of  minute  and  delicate 
flies  and  are  widely  distributed.    The  antennie  are  provided 
with  whorls  of  hair,  which  are  often  more 
bushy  in  the  males. 

The  larvae  are  remarkable  in  hav^ing 
fourteen  segments  and  for  the  possession, 
in  many  species,  of  a  sternal  spatula  or 

breast-bone  "  projecting  from  the  first 
thoracic  segment.  A  further  fact  of  great 
interest  is  the  occurrence  of  pasdogeaesis 
in  two  genera,  Midstor  and  Oligarces, 
A  larya,  instead  of  maturing  normally 
and  pupating,  produces  a  number  of 
young  maggots,  and  this  form  of  repro- 
duction m.ay  be  carried  on  through 
successive  generations  during  autumn, 
winter,  and  spring  (Meinert,  1874).  The 
larvae  are  plant-feeders,  some  forms  alter- 
nating between  two  different  plants,  e.g. 
(7.  sisymbii  on  barberry  and  nasturtium, 
live  on  the  stems  of  plants,  like  Mayetioki  desfructory  the 
Hessian  fly,  the  majority  get  inside,  and  produce  galls,  while 
some  species  Uve  as  inq^uilines  in  such  galls.  One  recently 
discovered  form  makes  a  gall  on  Hypochnus,  a  bark-encrusting 
jhmgus  (Edwards,  Ent,  Mo,  Mag,,  1S22). 


Fig.  149. —  Larva  of 
Dasyneura  rhodo- 
ph€iga.    (  X  25. ) 

(After  Sasscer  and  Borden.") 


Although  a  few 
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A  few  live  on  the  dejecta  of  the  larvae  of  other  insects,  and 
of  cattle  and  "birds. 

The  family  shows  a  wide  variety  of  habit  and  so  we  find 
that  they  feed  on  animals  in  different  ways.  They  may  prey 
on  Aphids,  Psyllids,  Coccids,  mites,  and  probably  also  small 
beetles.  As  an  enemy  of  Aphids,  J.  J.  Davis  (1916)  considers 
the  lajvae  of  ApMdoletes  meridionalis  to  be  extremely 
important.  A  few  are  known  as  parasites,  such  as  Endaphis 
perfidus  in  Ajphis  platanoides,  and  Endopsylla  agilis  in  Tingu 
pyri. 

Economically,  the  family  presents  a  few  important  forms. 

Mayetiola  destmcior,  the  Hessian  fly,  attacks  cereals  and 
grasses.  The  fly  lays  eggs  in  the  grooves  of  the  upper  sm'face 
of  the  leaf  of  wheat,  barley  or  rye.  They  are  about  2  mm. 
long,  cigar-shaped  and  pinkish.  Within  a  week  or  so  they 
hatch  and  the  larvse  descend  within  the  sheathing  base  of  the 
leaf,  where  they  remain  till  fall  grown.  They  then  pupate, 
exuding  some  substance  which  turns  brown  and  hardens, 
giving  them  the  appearance  of  flax-seeds,  and  in  this  state 
they  pass  the  winter.  In  England  there  is  one  brood — ^in 
America,  two. 

Contarinia  pyrivora  is  a  destructive  pest  on  pears  in  Europe 
and  North  America.  It  lays  eggs  in  the  flowers,  and  the  larvae 
bore  into  the  yonng  fruit,  which  does  not  develop  properly 
and  drops  off.  The  larvae  pupate  in  the  soil  and  so  remain 
until  the  following  spring,  when  the  adults  emerge.  The 
remedies  suggested  are  to  burn  all  damaged  fruit,  and  to 
cultivate  the  ground  round  the  trees,  about  July,  with  caustic 
lime.    One  parasite  is  recorded,  Inostemma  pyricola, 

Perrisia  pyri  is  another  form  which  attacks  pear  trees  in 
the  northern  hemisphere.  Known  as  the  ' '  leaf -curling  midge, " 
it  appears  in  the  spring  about  May,  a  small,  dark  brown  fly, 
about  hich  long.  It  lays  its  eggs  on  the  young  leaves,  which 
later  roU  up  on  one  or  both  sides  lengthwise.  Small  white 
maggots  may  be  seen  when  the  rolls  are  unfurled.  "When 
mature,  the  larvae  leave  their  shelter  and  pupate  in  the 
ground. 

The  midges  from  these  pupae  emerge  about  August,  there 
being  two  broods  hi  the  year  in  this  country. 

The  best  remedy  appears  to  be  to  spread  some  soil  insecticide 
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on  the  soil  beaeatli  the  trees  about  midsummer,  to  kill  the 
larrse. 

CmUirima  tritici,  the  wheat-midge,  is  also  tToublesoiiie  at 
times.  Good  cultivation  seems  to  be  the  best  one  can  do 
against  cereal  pests  such  as  these. 

Several  species  of  Chalcids  are  kno^^Ti  to  paraisitize  these 
flies. 

Miall  and  Hammond,  The  HarUquin  Fly  (1900)  ;  J.  J. 
Kiefier,  Monograph  of  the  Cecichynyndce  (1900) ;  J.  J.  Kieifer, 
Genera  Insectorum,  152  (1913). 

Also  of  economic  inportance  are  :  Cecidomyia,  Dijplod-^, 
Dasyneura^  Lasioptera ,  and  OUgotrophes , 


MVCETOFHILIDJE. 

Fungus-gnats. 

GoxsB  elongate  ;  antennae  long  ;  tibiae  spurred  ;  no  cross- 
vein  between  median  and  discal  cells. 

This  family  contains  a  large  number  of  species  and  Ls  freely 
distributed  over  the  globe.  The  flies  are  small,  delicate,  and 
slender,  are  found  in  damp,  shady  situations  and  may  be 
quickly  identified  by  the  elongate  coxje.  The  males  may  be 
distinguished  by  the  ra^ther  prominent  clasping  organs,  while 
the  extremity  of  the  abdomen  in  the  female  is  pointed. 

Eggs  aie  laid  in  fungi,  decaying  wood,  and  other  vegetable 
material  in  damp  situations.  The  larvae  are  white  and  rather 
tra^nsparent,  and  are  peripneustic.  Many  larvae  spin  webs,  or 
secrete  mucus,  and  some  species  of  Sciara  form  themselves 
into  immense  ribbons  by  means  of  this  mucus,  the  whole 
apparently  being  a  migrating  procession,  though  for  what 
purpose  is  nob  known.  The  larvae  present  many  other 
peculiarities.  A  species  of  Mycetophila  makes  over  itself  a 
roof  of  ercrement,  laid  on  spirally,  so  that  it  has  somewhat 
the  appearance  of  a  mollusc,  in  New  Zealand  Boliiophila 
is  luminous,  as  is  also  a  species  of  Cerojfilatus  in  Australia. 

Many  genera  and  species  occur  in  amher. 

The  fimgus-gnats  are  of  some  economic  importance,  in  so 
far  as  they  attack  artificially  reared  mushrooms. 
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Sciara  prcecor  is  a  pest  on  mushrooms  in  this  coantry. 
C.  B.  Symes  { 192 1)  gives  an  account  of  it,  of  which  the  following 
is  an  abstract : — 

The  eggs  are  laid  sometimes  singly,  sometimes  in  batches  or 
strings  of  nine  to  twelve,  at  the  base  or  the  top  of  the  pileus, 
or  betweea  the  gills.  The  total  number  of  eggs  laid  by  a  female 
is  thirty  to  t  hirty-five.  In  favonrable  temperatures  they  hatch 
in  five  to  six  days.  The  larval  period  depends  much  on  the 
temperature,  but  may  be  seventeen  to  twenty-four  days, 
during  which  there  are  three  moults.  They  pupate  either  in' 
the  mushroom  or  in  the  soil  near  the  surface.  The  pupal 
period  is  from  five  to  eleven  days  and  the  adults  start  pairing 
twenty-four  hours  after  emergence.  The  whole  cycle  lasts 
from  four  to  six  weeks,  and  there  are  four  broods  in  the  year. 

The  adults  may  be  seen  running  about  over  the  mushroom 
beds,  rarely  flying.  They  do  considerable  damage,  chiefly  in 
the  third  and  fourth  generations.  The  damage  is  often 
followed  by  attacks  of  Tyroglyj^hkla,  of  a  springtail,  Achomtes 
armatvs,  and  of  a  parasitic  fungus  of  the  genus  Hyfomyces 
and  of  bacteria. 

C.  A.  Joharmson,  ffe/i.  Ins.,  Fasc,  93  (1909). 


BlBION^IDiE. 

Antennae  of  nine  to  twelve  short,  thick  joints  ;  eyes  of  male 
holoptic,  or  nearly  so  ;  no  discal  cell,  but  median  cell  usually 
complete ;  coxae  short ;  front  femora  thick  and  front  tibiae 
spinose. 

Small  to  moderately  large  flies,  the  flight  of  which  is  not 
very  strong.  The  eyes  of  the  males  are  divided  transversely, 
the  facets  of  the  lower  portions  being  larger  than  those  of  the 
upper  ones. 

The  family  is  a  widely  distributed  one.  The  larvae  are  found 
commonly  in  decaying  vegetable  matter,  and  in  the  soU.  They 
are  usually  dark-coloured,  leathery  and  with  a  well-developed 
head. 

H.  B.  Morris  (1917)  gives  some  account  of  JBibio  jolannis, 
the  larvae  of  which  are  found  in  pasture  land,  among  the  roots 
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of  grasses.  They  feed  on  soil  and  oiganic  matter.  The  eggs, 
under  laboratory  conditions,  toot  forty-eight  days  to  hatch. 
The  first  iastar  has  long  setse  on  eaci  segment,  and  a  single 
pair  of  spiracles  on  the  last  segmeat,  there  being  twelve 
segments  altogether,  plus  the  head.  After 
nineteen  days,  it  moulted.  The  second  in- 
star  has  hlunt  processes  on  each  segment 
in  place  of  the  bristles,  and  there  are  two 
more  pairs  of  spiracles,  on  the  iSist  and 
tenth  segments  respectiv^ely.  The  last  in- 
star  has  a  well-developed  head  and  man- 
dibles and  ten  pairs  of  spiracles.  It 
pupates  in  a  cell  in  the  soil.  The  pupa  is 
from  7  to  8  mm.  long  and  hears  on  the  last 
segment  a  pair  of  stout  processes  and  also 
a  pair  of  spiracles  on  all  segments  except 
the  eighth.  It  is  recorded  as  attacking 
larch  seedlings  and  hop  roots. 

Several  species  are  mentioned  as  being  of 
economic  importance,  damaging  the  roots 
of  oats,  grass,  lettuces,  seedling  cabbages, 
young  flower  plants,  tomatoes,  ash  seed- 
lings, sugar  beet,  spring  barley  and  celery. 

Sudeikin  (1913)  records  Bibio  fiortulanus  as  attacking  the 
roots  of  i^^heat  very  severely. 


Fig.  150. — ^Bibionid 
Larva,    (x  6.) 


SiMULIIDiE. 

BuflEalo-gnats. 

Antennae  short,  ten  to  eleven  joints ;  no  ocelli  ;  eyes  in  the 
male  holoptic  ;  anterior  veins  well  marked,  posterior  ones 
vreak. 

The  flies  of  this  family  are  grouped  in  one  genus,  Simulium, 
and  are  to  be  found  all  orer  the  world.  They  are  small  and 
like  the  JSibionidce,  haye  both  large  and  small  facets  to  their 
eyes.  The  females  are  blood-sucking  and  are  recognizable 
by  the  space  between  the  eyes. 

The  eggs,  laid  under  water,  are  attached  to  stones  and 
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plauts  of  quick-running  streams.  In  from  three  to  twelve 
days  they  hatch  and  the  larvse  attach  themselves  to  stones 
by  means  of  an  anal  sucker  and  breathe  through  three  anal 
gills.  They  spin  threads  across  the  stream  and  move  along 
these.  They  feed  on  minute  organisms  which  are  wafted 
into  the  mouth  by  a  pair  of  brush-like  appendages  situated 
close  to  the  antennae.  The  larvse  live  about  two  or  three 
weeks  and  then  proceed  to  spin  a  cocoon,  assisted  by  a  spiny 
proleg  on  the  venter  of  the  first  thoracic  segment.  The 
cocoon  is  tied  by  threads  to  various  objects  and,  once  firmly 
established,  the  naked  and  free  pupa  Hes  in  the  open  end  and 
breathes  the  air  in  the  water  through  two  bunches  of  long, 
slender  filaments.  The  imago  escapes  under  water  and  rises 
to  the  surface  in  a  bubble  of  air.  Being  blood-sucking  creatures, 
the  female  gnats  must  be  suspect  of  conveying  disease  tmtn 
proved  otherwise.  At  present  they  are  suspected  in  South 
America  of  conveying  Leishmaniasis.  However  this  may  be, 
they  are  sometimes  an  intolerable  nuisance  to  cattle  when  they 
bite  in  large  niunbers.  In  America  cattle  have  been  driven 
mad  by  their  persecution,  and  deaths  among  the  herds  are  aot 
uncommon. — Coal-tar  and  fish  oils  have  been  used  as  repellents 
with  some  success.  They  have  also  been  reported  as  a  nuisance 
to  poultry  near  Cape  Town  (C.  Fuller,  1913). 
J.  Wilhelm,  Die  Krie/gelmiickm,  Jena  (1920). 

BLEPHAROOERIDiE. 

Wings  with  creases,  having  the  appearance  of  a  secondary 
venation.  No  discal  cell.  Thorax  with  incomplete  suture. 

Small,  gnat-like  flies,  having  a  long  pair  of  hind-legs,  and 
like  the  two  previous  families,  having  the  facets  of  the  eyes 
differentiated  in  upper  and  lower  portions.  The  wings  are 
broad  and  have  a  netted  and  iridescent  appearance.  The 
mouth-parts  are  elongate  and  the  females  have  long  saw-like 
mandibles.  The  extremity  of  the  abdomen  is  broad  in  the 
males  and  pointed  in  the  females. 

Eggs  are  laid  on  wet  stones  by  shallow,  fast-rimning  streams. 
The  larva  lies  flat  in  the  water,  attached  to  a  stone  by  six 
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ventral  suckers.  The  food  is  mostly  diatoms.  The  pupae 
are  attached  in  a  similaT  maniier  ;  when  emerging,  the  fly  makes 
its  way  out  through  a  crack  in  the  dorsum  of  the  pupal  skin 
aad  rises  to  the  surf  ace,  clinging  with  its  long  hind-legs  to  the 
skin  of  the  pupa.  Then,  the  body  of  the  fly  heing  ahove  the 
surface  of  the  water,  it  expands  its  wings  and  flies  away. 

This  is  a  remarkable  and  rery  specialized  way  of  emerging 
and  if  the  water  be  a  little  too  deep,  the  imago  is  doomed  to 
death.  In  the  circumstances,  it  is  restricted  to  very  local 
habitats,  but  is  found  sparingly  in  S.  Europe,  N.  America, 
W.  Indies,  Mexico,  Brazil,  Ceylon,  India,  Japan,  Australia, 
and  IlTew  Zealand. 

The  adult  females  are  predaceous,  mostly  on  CJiiroHomidce, 
The  males  are  flower-feeders. 

Kellogg,  Ge7i.  Ins.,  Fasc.  56  (1907), 


Deuterophlebiidje. 

The  above  is  a  family  erected  by  W^.  Edwards  (1922)  upon 
two  males  of  the  same  species,  Denterophlebia  mirabilis.  The 
following  are  the  characters  given  of  this  remariable  insect 
(Ann,  ani  Mag,  of  N.H,,  April,  1922): 

Head  hidden  beneath  projecting  mesonotum  ;  anteiinse  six- 
segmented,  the  first  five  joints  relatively  small,  the  sixth  joint 
several  times  longer  than  the  body ;  mouth-parts  absent ; 
no  ocelli  ;  tarsi  with  large  empodia  and  a  single  claw  ;  tibial 
spurs  absent  ;  wings  large,  covered  densely  with  fine  hairs  ; 
true  veins  almost  absent,  but  an  elaborate  fan-like  development 
of  secondary  folds  present. 

The  insects  from  which  the  above  description  was  made 
were  found  floating  on  the  edge  of  Lake  Gimgabal,  near 
Srinagar,  Kashmir,  11,700  feet  above  sea-leveL 

Their  colom*  is  a  dull  black  and  they  have  a  well-developed 
hypopygium.  In  the  general  shape  of  the  body  and  wings 
tbey  resemble  the  JBle^pJiarocendce  ;  the  secondary  venation  " 
is  also  common  to  both,  though  in  2).  mirabilis  it  is  on  a  plan 
entirely  different  from  the  Blepharocerids. 
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Oephnephilid^. 

Antennae  short,  consisting  of  two  joints  and  an  arista,  the 
second  joint  and  arista  heing  composed  of  ten  to  eleven 
segments,  the  last  terminating  in  a  bristle.  No  ocelli  and  no 
discal  cell. 

These  are  rare  flies,  but  have  a  wide  distribution.  They  are 
small  and  bare  and  are  found  on  the  banks  of  streams.  Little 
is  known  of  their  life-history,  and  they  appear  to  have  no 
economic  significance. 

EHYPHIDiE. 

Discal  cell  present ;  empodia  pulvilliform ;  pulvilli 
rudimentary  or  absent.  No  transverse  suture  on  thorax. 

The  Rhyphidce  have  a  wide  distribution  and  have  the  general 
appearance  of  small  crane-fhes.  They  are  fond  of  shady 
places. 

The  larvae  are  amphipneustic  and  are  found  in  rotten 
fruit,  manure  and  decayed  wood,  but  they  are  mostly  aquatic. 

(h)  BRACHYCERA 

Antennse  variable,  from  many -jointed  to  two  or  three  simple 
joints  ;  palps  two-  or  one-jointed  ;  discal  cell  nearly  always 
present ;  Rj,  R4,  R5  separate,  R2  and  R3  fused  ;  larvae  with 
vertically  moving  mandibles  and  with  retractile  head  (except 
in  Stratiomyidae  and  some  Leptidae). 

LEPTIDiE]. 

Empodia  pulvilliform  ;  pulvilli  present ;  at  least  posterior 
tibiae  with  spurs. 

Flies  of  moderate  size,  with  wide  heads  and  large  eyes. 
The  space  between  the  eyes  is  greater  in  the  females  than  the 
males. 

Eggs  are  laid  in  damp  and  shady  localities.  Atherix  females 
mass  together  and  lay  their  eggs  in  a  solid  lump  on  plants 
overhanging  water,  and  there  die.  The  larvae  are  predaceous, 
living  in  wood  under  bark  or  in  the  earth.    Some  species  of 
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the  geneta  Vermileo  and  Lampramyia  make  a  pit  in  dry  sand 
and  catch  their  prey  like  an  ant-lion.    The  pupae  are  free. 

A  few  forms  are  known  to  suck  blood  occasionally,  but  it 
is  not  com.inon,  and  they  do  not  appear  to  have  any  economic 
importance. 


STRATIOMYID.E. 

Third  joint  of  antennae  annulated.  Palpi  two-jointed. 
Tibiae  without  spurs.  Costal  vein  never  further  than  tip  of 
wing  ;  discal  cell  present ;  empodia  pulvilliform. 

This  is  a  large  family  with  a  wide  distribxition.  The  flie^;  are 
fairly  small  to  fairly  large,  either  hare  or  thinly  pilose,  never 
with  bristles.  The  wings  are 
long  and  narrow,  the  discal 
cell  being  at  once  an  obvious 
featxire  in  the  venation.  The 
eyes  of  tke  male  are  closer 
together  than  are  those  of  the 
females. 

Eggs  are  laid  in.  or  near  water, 
in  the  ground,  or  in  vegetable 
refuse.  The  larvse  are  carnivorous  or  herbivorous.  The  pnpap 
are  enclosed  in  the  larval  skin  and  are  inactive.  The  beautiful 
larva  of  Stratiomys  chameleon  has  been  well  described  by  the 
great  natiiralists  Swammerdam  and  Reaumur,  and  figured  by 
the  former. 

They  are  of  no  economic  importance. 

Yerrall  (1909)  has  monographed  the  British  species. 


Fig.  151. — ^VVmg  of  Sargus  fiai^ipes. 
<2c.  »  discal  eeQ. 


Tabanidje. 

Grad-flies,  horse-flies,  breeze-flies,  clegs. 

Antennse  three -jointed,  the  last  joint  pointed  and  composed 
of  four  to  eight  annuli  ;  eyes  large  and  broad,  holoptic  in 
the  male  ;  squamae  well  developed ;  empodia  pulvilliform  ; 
R4  and  R5  separate. 

This  is  an  extensive  family  of  about  3,000  known  species, 
and  widely  distributed  in  all  countries.    They  are  mostly  large 
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flies,  having  a  large  head  due  chiefly  to  the  development  of 
the  eyes,  which  are  often  brightly  colonred  with  green,  purple 
or  brown.  These  colours  fade  after  the  death  of  the  insect, 
leaving  a  mottled  grey  or  broTvn  appearance.  The  anteonse 
often  point  forwards  and  outwards  and  sometimes  have  a  blunt 
spur  at  the  base  of  the  third  joint.  There  are  no  bristles,  but 
the  thorax  and  abdomen  may  be  covered  with  hairs.  The 
proboscis  is  rigid  and  when  short  points  downwards,  when 
long  points  forwards.  In  the  genus  Pangonia  the  proboscis 
may  be  considerably  longer  than  the  body.  The  sexes  may 
be  distinguished  by  the  space  between  the  eyes  at  the  vertex. 
In  many  forms  there  are  also  secondary  differences  in  colour. 

The  eggs  are  cigar-shaped  and  dark,  and  are  laid  in  regular 
masses  on  the  leaves  of  plants  close  to  water.  The  larvse  hatch 
in  about  a  week  and  live  either  in  the  water,  or  in  the  mud 
and  under  stones  in  damp  situations  ;  they  are  very  voracious 
and  feed  on  dead  and  living  insects,  on  worms,  etc.,  and  often 


Fig.  152. — ^Larva  of  Tabanus  virgo, 
(After  Patton  and  Cragg). 


on  one  another.  They  are  cylindrical,  but  pointed  at  both 
ends,  and  have  eleven  segments.  Their  respiratory  arrange- 
ment is  metapneustic,  and  they  breathe  through  a  siphon 
situated  above  the  anus.  There  is  a  median  structure  within, 
known  as  Graber's  organ,  lying  posteriorly  between  the 
tracheae,  the  function  of  which  is  unknown. 

The  females  are  blood-suckers,  and  have  recently  been  proved 
(in  the  case  of  two  species  of  Chrysofs)  to  transmit  the  filaria 
Loa  loa  to  healthy  animals  (Connal  and  Connal,  1921).  The 
worms  gain  exit  by  the  labella  of  the  fly  and  burrow  through 
the  skin  of  the  vertebrate  host.  It  was  previously  reported  by 
Kleine  that  5  per  cent,  of  Chrysops  flies  examined  at  Eseka, 
in  the  Kameruns,  in  1915,  were  infected  with  filaria  and  that 
the  local  population  was  heavily  infected  with  it. 

Evidence  is  also  accumulating  to  show  that  Tabanids  may 
cause  the  mechanical  spread  of  Surra  (Cross,  1923)  and  certain 
equine  trypanosome  diseases  in  India,  Africa,  and  the  PMKp- 


DIPTERA  433 

pines  (Mitzmain  in  the  Philij^pine  Jour,  of  Sci,,  sec.  B,  June, 
1913).  The  geographical  and  seasonal  distribution  of  some 
Tabanids  agrees  closely  -with  the  outbreaks  of  Surra. 

Their  natural  enemies  are  Asilidce  and  Bembex, 
Sureouf  lists  the  family,  Oen,  Ins,  175  (1921), 

ACANTHOMERIDJE. 

Third  joint  of  antennae  complex ;  palpi  two-jointed. 
Tibiae  without  spurs  ;  empodia  pulvilliform.  Eyes  holoptic 
in  the  male. 

Mostly  bare  flies,  large  and  stout.   They  are  found  in  South 
and  Tropical  America,  living  in  forests. 
Little  at  present  is  known  about  them. 

CYRTIDiE. 

Antennae  of  two  or  three  joints,  with  or  without  terminal 
arista.  Squamae  very  large  and  inflated  ;  empodia  pulvilli- 
form. 

These  flies  have  a  small  head,  but  large  eyes,  and  the  thorax 
is  large  and  spherical.  The  large  squama  is  a  strong  character 
for  this  group.    The  proboscis  of  some  forms  is  very  long. 

The  larvae  are  parasitic  on  spiders. 

NEMESTRINIDiE. 

Antennae  with  three  joints  and  a  terminal  jointed  arista ; 
tibiae  without  spurs ;  empodia  pulvilliform. 

These  forms  have  a  rather  scattered  distribution,  occurring 
in  Australia  and  South  America  and  in  places  where  the  climate 
is  dry  and  hot.  The  venation  is  curious,  the  veins  riuming 
more  or  less  parallel  with  the  hind  margin  of  the  wing ;  in 
extreme  cases  there  is  a  network  on  the  distal  haK  of  the  wing. 
The  proboscis  is  elongate  and  is  exaggerated  in  a  few  species, 
notably  Megistorhyncus  longirostris,  from  Africa,  in  which  it 
reaches  a  length  of  about  three  inches. 

F  F 
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Not  much  is  known  of  the  hfe-history  of  these  flies.  The  eggs 
of  one  species  appear  to  be  laid  in  trees ;  on  hatching,  the 
larvae  spin  a  little  sUk  and  are  carried  away  by  the  wind. 
In  some  way  they  come  in  contact  with  a  beetle  and  are 
carried  to  its  bmrow.  Subsequently,  the  larvse  feed  on  the 
grubs  of  the  beetle. 

Apioceridje. 

Antennae  three-jointed,  with  a  short,  stout,  terminal 
style  ;  palpi  one-  or  two -jointed,  the  ends  large  and  spatu- 
late.  Empodia  absent;  R4  and  R5  separate  ;  Mi +2  termi- 
nating before  the  tip  of  the  wing. 

This  family  is  a  small  one,  with  few  species,  found  mostly 
in  America  and  Australia.  The  adults  are  flower-loving  ; 
but  nothing  much  is  known  about  them. 

Mydaidje. 

Antennae  four -jointed,  the  fourth  joint  elongate  ;  empodia 
present,  but  not  pulvilliform.  Proboscis  fleshy  ;  R4  and  Rg 
separate  ;  Mi  turned  up  and  terminating  before  the  tip  of 
the  wing* 

All  large  flies,  mainly  from  North  and  South  America  and 
Australia. 

Ihe  larvae  live  in  decaying  wood,  and  some  are  predaceous 
on  the  grubs  of  wood-beetles.   The  adults  are  predaceous. 

AsiLIDiE. 

Eobber-flies,  Assassin-flies. 

Antennae  three -jointed ;  proboscis  horny  and  rigid. 
Empodia  setiform  or  wanting. 

This  is  a  large  family  of  large  flies,  sometimes  bare,  but 
usually  with  well-developed  bristles.  They  constitute  one  of 
the  dominant  families  of  Diptera,  and  are  found  all  over  the 
world.   They  are  powerful  flies,  extremely  predaceous,  and 
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attack  all  kinds  of  insects  on  the  wing.  The  sexes  may  be 
easily  distinguished  by  the  prominent  hypopygium  in  the 
male  and  the  pointed  ovipositor  in  the  female.  They  are  very 
variable  in  shape,  from  thin  and  narrow,  after  the  manner  of 
Tipulids  (e.g.  Leptogaster),  to  large  robust  flies,  strongly  coloured, 
like  many  of  the  larger  Hymenoptera,  to  some  of  which,  indeed, 
a  few  bear  a  very  strong  resemblance  (e.g.  Laphria,  Dasyllis^ 
Rhopalogastor,  Mallophora  and  Promachus  bomboides).  The 
wings  are  white  or  smoky. 

The  larvae  Hve  in  rotting  wood,  leaves,  etc.,  and  under  bark, 
and  are  also  predaceous.    The  pupae  are  free. 

They  have  no  economic  importance,  except  in  so  far  as  they 
help  to  keep  down  the  inimical  insect  population. 

THEEEVIDiE. 

Antennae  of  three  joints  and  terminal  style  ;  proboscis 
fleshy  ;  palpi  two -jointed.  Eyes  of  male  holoptic  or  nearly 
so.   Genitalia  not  prominent ;   empodia  absent. 

Large  flies,  in  general  resembling  the  Asilidce  in  form  and 
habits,  but  the  soft  proboscis  and  less  strongly  developed  legs 
serve  to  distinguish  them.  The  sexes  may  be  determined  by 
the  eyes. 

The  larvae  differ  considerably  in  appearance  from  those  of 
Asilidce,  being  long  and  slender  and  of  apparently  nineteen 
segments.  They  are  amphipneustic,  and  live  in  earth,  sand 
or  rotting  wood.    The  pupae  are  free. 

0.  Krober,  Gen,  Ins.,  Fasc.  148  (1913). 

SCENOPINIDJE. 

Window-flies. 

Antennae  three -jointed,  without  style  or  arista.  Empodia 
absent.   Males  usually  holoptic. 

Rather  small  flies,  usually  black  and  bare,  often  to  be  found 
on  windows. 

The  larvae  are  long  and  slender,  showing  apparently  nineteen 
segments,  as  in  the  Therevidce,    They  live  in  decaying  fungi 
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and  wood,  and  also  rnider  carpets  and  furniture ;  the  latter 
are  said  to  live  on  the  larvae  of  flies  and  clothes  moths. 
0.  Krober,  Oen,  his.,  Ease.  161  (1914). 

BoMBYLnn^. 

Antennae  three -jointed,  with  small  style.  Eyes  of  male 
usually  holoptic,  rarely  so  in  the  female. 

Small  to  rather  large  flies,  often  covered  with  thick  hair,  and 
the  wings  with  dark  markings.  The  flies  are  sun-loving  and 
are  flower-feeders. 

The  larvae  are  amphipneustic,  and  many  forms  are  parasitic 
on  other  insects.  Those  parasitic  on  the  mason-bees  have  a 
remarkable  life-history,  which  has  been  elucidated  by  Fabre  ; 
hypermetamorphosis  is  a  feature  of  this. 

Empid^. 

Antennae  two-  or  three -jointed,  with  or  without  style  or 
arista.    Proboscis  short  or  long,  and  rigid. 

These  flies  may  be  anything  from  minute  to  large,  of  more 
slender  build  than  the  Bomhyliidce,  The  most  recognizable 
feature  is  the  spike-like  proboscis.  They  are  predaceous  on 
other  flies. 

The  habits  in  courtship  of  many  species  are  definite  and 
elaborate,  reminding  one  of  those  of  birds.  Howlett  {Ent, 
Mag.,  1907)  has  given  an  interesting  account  of  Empis  borealis. 
It  is  the  custom  in  this  species  for  the  females  to  dance  in  the 
air  in  swarms  when  ready  for  pairing,  A  male  fly,  having 
caught  some  insect — usually  a  fly  of  some  kind — flies  near  the 
swarm,  holding  its  prey  unharmed.  A  female  is  selected  and 
chased — a  short  struggle  ensues,  during  which  the  prey  is 
transferred  to  the  female — and  both  come  to  rest  on  some  plant, 
copulation  having  now  begun.  During  this  period,  the  male 
hangs  on  to  his  support  with  the  front  legs,  holding  the  female 
and  her  meal  with  his  posterior  pairs ;  and  the  female  sucks 
the  insect's  juices.  Should  coitus  be  over  before  the  meal  is 
finished,  the  insect  is  at  once  discarded.    The  males  were  never 
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seen  to  feed  ;  neither  were  the  females  except  during  copulation 
— and  Howlett  considers  that  the  meal  at  such  a  time  is  a 
physiological  necessity.  Hamm  (1908,  ibid.)  confirmed  these 
results,  and  noted  that  they  were  much  the  same  in  some 
other  species.  He  noted  in  the  case  of  other  forms  (1909,  ibid.) 
that  pairing  might  take  place  by  the  male  flying  about  over 
the  ground  of  a  meadow  with  prey,  inducing  a  female  to  rise 
and  join  him.  In  another  genus,  pairing  may  take  place  on  a 
leaf,  after  a  considerable  overture  of  matrimonial  blandishment 
on  either  side. 

DOLICHOPODID^. 

Median  and  discal  cells  confluent.  Arista  dorsal  or 
terminal  on  a  three-jointed  antenna.  Hypopygium  con- 
spicuous. 

The  members  of  this  family  are  usually  green,  rarely  yellow 
or  black.  The  males  exhibit  a  great  variety  of  secondary 
sexual  characters.   All  are  predaceous  on  smaller  flies. 

The  larvae  are  found  in  earth  which  is  rich  in  humus.  The 
pupae  are  usually  free  and  breathe  mainly  through  a  pair  of 
thoracic  horns. 

Phorid^. 

Antennae  three -jointed,  the  third  joint  more  or  less  globose 
and  concealing  the  other  two.  The  wings  usually  large,  with 
two  strongly  marked  anterior  veins  and  three  or  four  other 
weaker,  unbranched  ones. 

The  family  comprises  small  and  minute  flies,  usually  recog- 
nizable by  the  antemaae  and  the  venation.  A  few  are  wingless. 
Some  have  peculiar  habits  and  a  few  are  myrmecophilous. 
Two  genera  live  with  Termites  and  have  become  so  modified 
that  they  are  hardly  recognizable  as  flies.  Termitoxenia  is 
remarkable  in  that  it  gives  birth  to  adults.  The  adults  live 
on  dead  animal  matter.  The  abdomen  of  the  female  is  more 
pointed  than  that  of  the  male. 

The  larvae  may  be  found  in  decaying  vegetable  matter,  but 
some  parasitize  ants  and  the  eggs  of  spiders. 
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The  pupa  is  oval  and  segmented,  and  has  a  pair  of  respiratory- 
tubes  on  the  metathorax. 

C.  T.  Brues,  Gen.  Ins,,  Tasc.  44  (1906). 

LONCHOPTERID-a:. 

Antennae   three -jointed,  with  terminal  style.  Wings 
pointed. 

Small  brownish  flies,  recognizable  by  the  pointed  wings. 
The  larvae  are  flat  and  live  in  vegetable  matter. 

Sub-Order  11.  CYCLOREHAPHA 

A  frontal  lunule  above  the  base  of  the  antennae  ;  third  joint 
of  antenna  simple ;  palpi  unjointed ;  pupa  enclosed  in 
last  larval  skin  ;  imago  emerging  by  pushing  off  the  end  of 
the  puparium. 

(a)  ASCHIZA 

No  frontal  suture  ;  larvae  with  two  to  four  pairs  of  chitinized 
processes,  working  horizontally  in  addition  to  the  pair  of 
mouth-hooks. 

Platypezid^. 

Arista  terminal ;  the  males  have  the  hind  tarsi  enlarged, 
and  the  eyes  holoptic ;  first  posterior  cell  wide  open. 

This  family  is  unimportant  economically.  The  males  are 
distinguished  from  the  females  by  the  appearance  of  the  eyes 
and  the  hind  tarsi. 

The  larvae  are  broad  and  flat  and  fringed  with  spines.  They 
live  between  the  gills  of  fungi. 

PlPUNCULID^. 

Arista  dorsal  ;  head  spherical  and  larger  than  the  thorax. 

The  size  of  the  head  in  these  flies  is  due  to  the  great  develop- 
ment of  the  eyes,  which  take  up  almost  all  the  surface  of  the 
head.    The  hypopygium  of  the  male  is  prominent. 
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The  larvse  are  parasitic  on  Rhynchota,  while  the  adults  are 
flower-feeders.    The  flies  are  strong  and  accurate  fliers. 

Several  species  of  Pipunculus  have  been  recorded  from 
Hawaii  and  California  on  the  sugar-cane  leaf  hoppers  Eutettix 
tenella  and  Perkinsiella  sacckaricida  respectively.  According 
to  WilHams  (1918)  one  form  which  preys  on  the  hoppers 
picks  up  an  immature  bug,  oviposits  in  it  in  the  air  and  then 
drops  it. 

Syrphidje. 

Hover-flies. 

A  spurious  vein  runs  between  Rg  and  Mi, 

The  above  single  character  is  peculiar  to  Syrphids,  by  which 
they  may  easily  be  recognized.  They  are  brightly  coloured 
flies,  usually  striped  with  black  and  yellow,  many  resembling 
wasps,  some  duller  coloured  and  furry,  resembling  bees.  Their 


sp. 

Fig.  153.--Wing  of  SyrjtUd, 
sp.  =  spurious  vein. 


habit  of  hovering  in  the  air  has  given  the  name  of  hover-flies. 

The  family  is  one  of  the  largest  of  the  Diptera,  and  is  well 
represented  in  all  parts  of  the  world. 

Eggs  are  laid  in  decaying  vegetable  matter,  on  the  stems  of 
plants,  on  fungi  and  on  leaves  (e.g.  Syrphus  spp.). 

The  larvae  are  pointed  at  the  anterior  end  and  there  are  no 
external  mouth-parts.  The  body  presents  a  creamy,  wrinkled 
appearance.  Some  species  have  an  extensible  breathing-tube 
a,t  the  posterior  end,  giving  the  whole  a  characteristic  appear- 
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ance  and  earning  for  them  the  name  of  "  rat-tailed  "  maggots. 
These  include  the  genus  Eristalis,  which  lives  in  putrescent 
filth,  the  adults  of  which  resemble  honey-bees.  This  no  doubt 
gave  rise  to  the  legend  that  bees  could  be  reared  from  rotting 
carcases.  The  larvse  of  Volucella  inhabit  the  nests  of  bees  and 
wasps,  actiug  as  scavengers  ;  and  those  of  Microdon  are  found 
in  ants'  nests.  These  last  have  a  very  curious  appearance, 
and  look  less  like  maggots  than  molluscs.  Some  species  of 
Merodon  attack  bulbs  of  the  Narcissus  famUy  and  constitute 
a  pest  to  the  gardener. 

Economically,  many  forms  are  an  important  check  on  Aphids. 
The  females  search  for  Aphids,  and  lay  eggs  singly  amongst 
them :  under  laboratory  conditions  not  more  than  ten  eggs 
are  so  laid  per  female;  but  the  larva  is  capable  of  eating 
800-900  aphids  during  its  development.  Hibernation  of  these 
forms  usually  takes  place  as  puparia,  but  sometimes  in  the 
adult  or  larval  state  (Staniland,  1922). 

Verrall,  British  Flies — SyrpTiidce  (1901). 

(6)  SCHIZOPHORA 

A  frontal  suture  as  well  as  a  frontal  lunule  ;  larvae  with 
head  very  reduced,  and  a  pair  of  mouth-hooks  only. 

(i)  Acalyptratce. 

Squamae  small  or  vestigial ;  males  never  holoptic  ;  trans- 
verse suture  incomplete  ;  first  posterior  cell  widely  open. 

CONOPID^. 

Antennae  porrect,  with  dorsal  arista  or  terminal  style  ; 
proboscis  long ;  genitalia  conspicuous ;  abdomen  often 
constricted  forward  ;  first  posterior  cell  closed  or  narrowed. 

More  or  less  elongate  flies,  bare  or  nearly  so,  but  sometimes 
with  a  short  golden  pubescence,  and  often  coloured  with  yellow, 
red,  or  black,  some  resembling  wasps.  The  head  is  large  and 
the  eyes  are  broadly  separated. 

Most,  if  not  all,  parasitize  bees,  wasps,  and  Orthoptera ; 
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apparently  the  eggs  are  laid  on  the  bodies  of  HymenopUra 
while  in  flight  (Williston).  On  hatching,  the  larva  burrows 
into  its  host  and  develops  at  its  expense  until  fully  grown. 
The  adult  fly  emerges  between  the  abdominal  segments  of  the 
host.    The  adults  are  flower-flies. 

MlCBOPEZIDiE. 

Head  subspherical ;  face  retreating  in  profile ;  oral 
vibrissse  absent ;  first  posterior  cell  narrowed  or  closed. 

(The  Micropezidce  and  the  Tanypezidce  are  often  associated 
together :  Williston,  however,  divides  them.) 

Tanypezid^. 

Head  concave  behind  ;  eyes  large  ;  proboscis  short ;  oral 
vibrissas  absent ;   genitalia  small. 

Fairly  large  flies. 

Howlett  records  the  larvae  of  a  species  of  Calobata  living  in 
the  roots  of  a  decaying  ginger  plant. 

PSILIDJS. 

Face  bristly  above  ;  no  oral  vibrissae  ;  antennae  generally 
long  ;  no  pre- apical  bristle  ;  subcosta  absent ;  first  posterior 
cell  wide  open. 

The  flies  are  rather  small  and  dark,  with  a  long  and  narrow 
abdomen  and  long  legs. 

The  larvse  have  been  found  in  plant  galls  and  in  the  roots 
of  plants.    A  few  are  recorded  as  pests. 

Psila  rosce,  the  carrot  fly,  is  the  most  important.  The  fly 
is  black  and  shiny,  with  iridescent  wings,  about  one-sixth 
of  an  inch  long.  The  flies  emerge  in  the  spring  from  pupae 
and  lay  eggs  in  the  soil  close  to  turnips  or  carrots.  The  eggs 
hatch  in  twelve  to  nineteen  days.  The  first-stage  larva  has  a 
pair  of  strong  chitinized  processes  at  the  posterior  extremity, 
which  are  lost  after  the  first  moult.    The  larvae  mine  the  root, 
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at  first  keeping  near  the  surface,  but  later  boring  near  the  centre, 
leaving  the  walls  of  the  galleries  stained  a  rusty  brown.  They 
are  full  fed  in  four  to  five  weeks,  and  they  then  pass  out  into 
the  soil  to  pupate.  The  fly  emerges  after  a  variable  period 
of  a  month  upwards,  some  hibernating  in  this  state.  There 
are  two  generations  a  year  in  this  country.  (The  above  is  an 
extract  from  K.  M.  Smith,  December  15,  1921,  in  the  Fruit- 
grower,) Sorauer  (1913)  gives  eight  days  as  the  pupal  period, 
and  several  generations  per  annum  in  Germany.  The  most 
successful  remedies  as  found  by  Smith  was  1  per  cent,  of  green 
tar  oil  in  precipitated  chalk,  spread  on  the  soil  close  to  the 
plants,  soon  after  they  show  through  (in  the  case  of  early- 
sown  carrots)  ;  and  1  per  cent,  of  creosote  applied  in  the  same 
way  for  late-sown  carrots. 

Ortalid.^. 

Signal-flies. 

Upper  fronto- orbital  bristles  only  ;  no  oral  vibrissae  ; 
subcosta  present ;  only  middle  tibise  spurred  ;  no  pre- apical 
bristles. 

Eather  small  to  moderately  large  flies.  As  a  rule  the  wings 
are  ornamented  and  the  legs  short  and  stout.  The  male  has 
five  abdominal  segments  and  a  long  roUed-up  penis,  and  the 
female  has  six  abdominal  segments  and  a  three-jointed  horny 
ovipositor. 

Ortalids  may  be  found  about  meadows,  but  little  appears 
to  be  known  of  their  habits  and  histories.  Some  species  have 
the  habit  of  walking  about  on  the  leaves  of  plants,  waving  their 
banded  wings  slowly  as  if  sending  semaphore  signals.  Hewlett 
(1909)  thinks  they  may  be  similar  to  those  of  Oscinidce  and 
Trypetidce,  and  that  the  larvae  mostly  live  in  the  stems  and 
leaves  of  plants.    Some  live  in  the  frass  of  boring  insects. 

Two  species  are  recorded  as  pests,  Tritoxa  flexa,  the  black 
onion-fly,  and  Chcetopsis  osnea,  on  cereals,  both  from  the 
United  States. 

In  Genera  Insectorum  Handel  lists  the  Pyrgotince,  Fasc.  79 
(1908),  Ulidiince,  Fasc.  106  (1910),  and  PUtysUmince,  Fasc,  157 
(1914). 
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Tbypetid^. 

Fruit-flies. 

Lower  fr onto -orbital  bristles  present  and  close  to  the  eyes  ; 
no  oral  vibrissas  ;  subcosta  present,  often  indistinct ;  pre- 
apical  bristles  absent ;  wings  usually  ornamented  ;  anal  cell 
usually  drawn  out  to  a  point. 

Rather  small  flies,  as  a  rule  with  dark  bands  or  patches  on  the 
wings.  When  at  rest  or  walking  on  a  leaf,  the  wings  are  held 
nearly  straight  out  on  either  side. 

They  are  to  be  found  in  all  parts  of  the  world  but  their 
importance  is  much  greater  in  tropical  and  subtropical  regions 
than  in  temperate  zones. 

The  flies  are  mostly  very  fond  of  fruit  and  lay  their  eggs 
under  the  skin.  The  maggot  mines  the  fruit  and  grows 
larger  at  its  expense.  They  may  pupate  within  the  fruit,  or 
drop  to  the  ground  to  do  so,  according  to  species. 

Some  Trypetids  are  remarkable  in  that  the  males  of  some 
forms  are  strongly  attracted  by  certain  substances.  Howlett 
(19X2,  1915)  found  that  not  only  were  Dacus  attracted  by 
oU  of  citronella,  but  that  certain  species  were  attracted  by 
different  constituents  of  the  oil  and  could  be  separated  by 
baits  of  iso-eugenol  and  methyl-eugenol.  The  males  of 
Ceratitis  capitata,  the  Mediterranean  fruit-fly,  are  strongly 
attracted  by  kerosene  oil. 

The  most  important  economic  species  belong  to  the  genera 
Acidia,  Ehagoletis,  Dams,  Ceratitis,  Anasirepha,  Carpomyia 
and  Trypeta. 

Acidia  heraclei,  the  celery-fly,  is  a  pest  in  Europe  and  Asia 
Minor  on  celery,  parsley,  and  parsnips,  and  may  also  attack 
the  Jerusalem  artichoke.  The  fly  lays  its  eggs  under  the 
epidermis  of  the  lower  side  of  the  leaves  (Taylor,  1918).  In 
six  to  fourteen  days  the  larvae  hatch  out  and  live  for  fourteen 
to  nineteen  days,  mining  the  leaves  and  eating  out  the  soft 
spongy  tissue.  There  are  two  broods  in  the  year,  the  pupal 
period  of  the  first  brood  being  twenty-seven  days  and  of  the 
second  brood  up  to  ten  months.  The  fly  hibernates  in  the 
ground  as  a  pupa  in  this  country  (Gardner,  1921).    In  the 
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South  of  France  it  is  the  adult  which  hibernates  (Feytaud, 
1915) ;  the  pupa  being  found  on  the  leaves.  The  alternative 
food-plants  are  Umbelliferce  and  Compositce.  Control  measures 
recommended  are  to  dust  with  soot  or  powdered  lime ;  to 
spray  with  quassia  or  paraf&n  emulsion ;  and  to  burn  all 
leaves  showing  blisters. 

In  the  genus  Rhagoletis  are  R.  pomonella,  the  apple  maggot 
or  raihoad  worm,  confined  at  present  to  North  America,  and 
three  forms  on  cherries — E.  cerasi  (Europe),  i?.  cingula  and 
JR.  fausta  (both  North  America).  The  eggs  are  laid  in  the 
fruit,  which  after  a  while  drops  off.  Control  measures  include 
spraying  with  molasses  and  lead  arsenate  and  destroying  fallen 
fruit. 

Most,  if  not  all,  the  species  of  Dacus  have  some  economic 
value  as  pests. 

Dacus  olece,  the  olive-fly,  is  tropical  and  subtropical,  and  is 
found  in  Spain,  Italy,  France,  N.  Africa,  and  India.  Fletcher 
(1917)  noted  that  their  presence  in  N.W.  India  on  wild  olives 
was  a  fact  of  some  importance,  since  some  people  there  were 
beginning  to  introduce  the  European  olive. 

Enormous  damage  has  been  done  to  olive  groves  by  this 
pest :  Rizzo  estimated  the  loss  of  crop  in  Italy  due  to  this  fly 
to  be  £8,000,000  in  1915. 

The  life-history  of  the  fly  follows  the  usual  course.  Ovi- 
position  takes  place  in  the  fruit ;  the  larva  mines  it,  and,  the 
fruit  presently  falling  off,  the  larva  pupates  in  the  soil. 

The  most  successful  method  of  combating  the  olive-fly 
appears  to  be  the  system  devised  by  Lotrionte.  Traps  made 
of  interlaced  twigs  across  a  V-shaped  piece  of  metal  sheeting 
are  tied  to  the  trees,  usually  one  to  each,  and  a  concoction  of 
glucose  syrup  (50-60  pts.)  arsenite  of  lead  (2  pts.),  boric  acid 
(2  pts.)  and  sodium  borate  (2  pts.),  is  sprayed  on  to  the  twigs. 
About  one  and  a  half  ounces  is  applied  to  each  trap  three  times 
or  so  during  the  development  of  the  fruit. 

The  flies  are  parasitized  by  Chalcids  and  Ichneumons. 

Dacus  cucurbitce,  the  melon-fly,  is  a  serious  pest  of  Cucurbi- 
tacece,  and  has  also  a  tropical  distribution.  In  Hawaii  it  causes 
great  damage  to  all  sorts  of  Cucurbitaceous  fruits,  and  tomatoes 
as  weU  (Westgate,  1918).    The  estimated  cost  of  damage  in 
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1914  was  $1,000,000  for  the  year.  Its  life-history  in  Hawaii, 
according  to  Severin  and  Hartung  (1914),  is  : 

Incubation  period    ....    IJ-lJ  days. 

Larval  period  3|-11  „ 

Pupal  period  10-14  „ 

Egg-lajdng  does  not  begin  till  fourteen  to  seventeen  days  after 
emergence.  In  this  period,  feeding  apparently  is  necessary 
for  the  ripening  of  the  gonads.  AccordiQg  to  Back  and 
Pemberton  (1917)  a  female  may  lay  up  to  1,000  eggs,  and 
there  are  8-12  broods  per  annum. 

Of  the  genus  Ceratitis,  C,  capitata,  the  Mediterranean  fruit- 
fly,  is  one  of  the  most  important  pests  in  the  world.  It  has 
been  the  cause  of  enormous  loss  and  of  a  considerable  amount 
of  legislation.  It  is  found  in  E.,  W.,  and  S.  Africa,  S.  Europe 
and  the  Mediterranean  coast,  Australia,  S.  America,  Bermuda 
and  Hawaii.  It  has  not  yet  got  a  footing  into  N.  America, 
on  account  of  the  stringent  regulations  in  force,  but  it  is  being 
constantly  intercepted  by  the  authorities  in  California  from 
Hawaii  and  elsewhere. 

The  fly  attacks  an  extraordinary  variety  of  fruit,  both  hard 
and  soft,  cultivated  and  wild,  and  this  fact  makes  it  very 
difificult  to  deal  with.  It  has  been  most  successful  in  establish- 
ing itself  in  Hawaii,  where  it  costs  millions  of  dollars  a  year. 
All  sorts  and  kinds  of  methods  have  been  tried  to  cope  with 
it,  with  little  or  no  success.  Paraffin  traps  caught  large 
numbers,  but  as  they  were  almost  exclusively  males,  the  traps 
did  little  or  no  good.  Natural  enemies  have  now  been  found 
and  thousands  of  Chalcids  and  Braconids  are  released  every 
year  now  in  Hawaii ;  it  is  hoped  that  in  this  way  the  pest 
will  be  brought  within  reach  of  artificial  methods  of  control. 

RHOPALOMERIDiE . 

Antennae  short ;  arista  bare  or  plumose  ;  no  oral  vibrissae  ; 
femora  thickened  ;  hind  tibiae  often  dilated . 

Plies  one-quarter  inch  to  half-inch  long,  found  in  South 
America. 

They  are  of  no  economic  importance. 
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Sapromyzid^. 
No  oral  vibrissae  ;  subcosta  present. 

Shiny  yellowish  or  black  flies,  rarely  more  than  one-third  of 
an  inch  in  length.  The  female  has  a  long,  slender  ovipositor. 
The  wings  are  sometimes  clouded. 

The  larvse  live  in  decaying  vegetable  matter.  In  form  they 
are  slender,  roughened  by  small  bristles.  The  penultimate 
segment  has  four  conical  processes,  and  the  terminal  one  two 
three-jointed  processes,  between  which  is  the  stigmatic  tube. 

Agromyzid^. 

Arista  bare  or  pubescent ;  oral  vibrissdB  usually  present ; 
subcosta  indistinct  or  absent. 

Minute  to  small  blackish  or  greyish  flies,  to  be  found  all  over 
the  world. 

The  larvse  creep  about  like  those  of  geometrid  moths.  Most 
of  them  mine  the  stems  or  leaves  of  plants,  but  a  few  live  in  the 
galls  of  other  insects.  Howlett  (1909)  records  a  species  of 
Leucops  as  being  predaceous,  and  according  to  Essig  (1915) 
Cryptochcetum  iceryce  is  parasitic  on  Icerya purcJiasi  in  California. 

Several  species  are  recorded  as  pests  on  grasses  (e.g.  Agromyza 
atra),  on  Leguminosce  (e.g.  Agromyza  phaseoli  on  beans  in 
N.S.W.),  on  Cruciferce  (e.g.  Phytomyza  affinis  and  J.,  diminuta), 
and  on  asparagus  [A,  simplex).  C.  T.  Greene  (1914)  gives  an 
account  of  Agromyza  pruinosa,  which  mines  the  cambium  of 
birch  trees  in  America. 

OsCINIDiB. 

Arista  bare  or  slightly  pubescent ;  oral  vibrissae  rarely 
present ;  frons  bristly  above  or  altogether  bare ;  median 
and  anal  cells  absent. 

Small  to  minute  flies,  common  about  grass  and  meadow 
land.  Usually  they  are  coloured  yellow  or  yellow  and  black, 
which  serves  to  distinguish  them  from  the  DrosopMUdce. 
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The  larvae  live  mostly  in  the  stems  of  grasses,  but  some  are 
found  mining  the  leaves  of  sugar  and  beet,  and  others  in  galls 
on  grasses. 

Several  pests  are  recorded  from  this  family,  chiefly  on  cereals ; 
but  Oscinis  ihece  in  India  mines  the  leaves  of  tea  and  another 
attacks  coffee  in  Java  and  Ceylon. 

Oscinella  frit  causes  much  damage  to  rye,  oats,  barley,  wheat, 
maize  and  grasses.  Most  damage  is  done  to  oats  in  Europe 
and  to  winter  wheat  in  the  United  States. 

The  flies  emerge  some  time  between  the  end  of  March  and 
mid- June  :  chiefly  mid- April  to  mid-May ,  in  this  country. 
Twenty  to  seventy  eggs  are  laid  by  the  female  on  the  stems, 
or  on  the  leaves  near  the  stems.  In  three  to  seven  days  they 
hatch,  and  the  larvae  eat  away  the  heart  of  the  plant,  causing 
the  stem  above  to  wither  away.  In  two  to  five  weeks  they 
pupate,  and  in  eight  to  foiurteen  days  the  second  brood  appears 
(June,  July).  The  eggs  of  this  brood  are  laid  in  the  sheaths  of 
the  ears,  on  the  panicles  or  on  wild  grasses  (Collin,  1918). 

There  are  usually  three  broods  in  the  year,  the  last  appearing 
any  time  from  August  to  December.  In  S.  Russia  four  and 
five  broods  have  been  recorded,  and  also  from  N.  America 
(Aldrich,  1920). 

The  best  preventive  measures  seem  to  be  late  winter  sowing 
and  early  spring  sowing,  with  a  top  dressing  of  sodium  nitrate 
when  the  plants  are  through. 

Chlorops  iceniopus,  the  gout-fly,  attacks  wheat,  rye,  and 
particularly  barley  in  Europe  and  has  a  history  similar  to 
the  frit-fly.  Meromyza  and  Sexxptomyza  occur  in  the  United 
States  on  cereals. 

Chloropisca  circumdata  also  attacks  cereals  in  Europe. 
Occasionally  it  is  a  nuisance  in  country  houses,  swarming  on 
the  ceilings  of  the  topmost  rooms.  They  come  in  when  the 
weather  begins  to  get  chilly  in  the  autumn,  but  after  a  time 
they  disappear  :  they  do  not  hibernate  in  the  house. 

There  is  a  species  in  India,  iSiphonella  funicola,  the  eye-fly, 
which  has  a  habit  of  flying  just  in  front  of  one's  eyes.  In 
South  America  and  Fiji  a  similar  form  gets  into  the  eyes 
of  domestic  animals,  and  may  be  a  factor  in  spreading  eye 
disease  there. 
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Drosophilid^. 

Arista  plumose  or  pectinate  ;  oral  vibrissse  present ; 
subcosta  absent  or  indistinct. 

Minute  to  small  flies.  The  body  is  bare,  except  for  bristles 
on  the  front  of  the  head.  Several  forms  have  red  eyes.  Many 
of  them  are  attracted  to  decomposrag  fruit,  wine,  vinegar, 
etc.  Eggs  are  laid  in  rotten  fruit  and  in  decomposing  matter 
of  all  kinds.  Drosophila  melanogaster  is  a  minor  pest  on 
grapes. 

A  large  amount  of  work  has  been  done  in  the  United  States 
on  Drosophila  ampelophila  by  Morgan  and  others  with  regard  to 
Mendelian  heredity.  The  small  number  of  chromosomes,  and 
the  ease  with  which  this  fly  presents  a  large  number  of  muta- 
tions, make  it  particularly  suitable  for  this  work. 

SEPSIDiB. 

Head  rounded  ;  proboscis  and  antennae  short ;  subcosta 
present,  or  fused  with  Ri ;  middle  tibiae  with  spurs  ;  abdo- 
men narrowed  forward. 

Fairly  small  flies,  yellowish  or  shining  black.  The  abdomen 
of  the  female  is  pointed  at  the  posterior  end,  while  the  hypo- 
pygium  of  the  male  is  prominent  and  broad. 

They  are  found  about  decaying  matter  of  all  kinds,  and  about 
foods  of  a  fatty  nature.  The  eggs  are  laid  in  such  situations, 
and  the  larvse  feed  upon  the  material  in  which  they  hatch. 

PiopMla  casei  is  a  common  species  in  temperate  climes,  and 
is  very  partial  to  cheeses,  especially  the  stronger  kinds.  The 
flies  are  black,  about  a  sixth  of  an  inch  in  length,  and  may  be 
seen  stalking  slowly  and  deliberately  over  the  surface  of  a 
cheese.  The  larvae  have  the  habit  of  jumping,"  by  curving 
themselves,  fixing  their  mouth-hooklets  in  notches  at  the 
posterior  end,  straining  and  letting  go  sharply.  This  habit  has 
gained  for  them  the  name  of  "  cheese  hoppers  "  or  jumpers." 
These  flies  may  breed  in  rotten  fungi,  or  dead  adipose  tissue, 
and  are  found  near  accumulations  of  garbage.  They  have 
been  known  to  cause  enteric  myiasis,  causing  lesions  in  the 
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intestines  of  the  dog.  A  case  of  nasal  myiasis  has  also  been 
reported  (Melander  and  Spuler,  1917). 


Ephydbid^. 

Arista  bare,  pubescent  or  pectinate  ;  no  oral  vibrissae  ; 
no  anal  cell ;  middle  tibiae  spurred  ;  no  pre- apical  bristles. 

Small  to  minnte  flies,  bare  or  nearly  so,  and  nearly  always 
black.  They  are  found  about  meadows,  marshes,  etc.,  though 
one  form,  Brachydeutera  argentata,  runs  about  on  the  surface 
of  water. 

The  larvse  are  to  be  found  in  stagnant  water,  in  decaying 
vegetable  matter,  under  bark,  and  sometimes  in  strongly  salted 
water.    The  adults  are  predaceous  on  other  insects. 

Hydrellia  griseola  is  recorded  as  a  pest  of  oats,  in  which  it 
mines  the  leaves,  and  of  other  cereals  and  grasses. 

V.  Becker,  Berlin  Ent.  Zeit.  (1896). 

Phycodromid^e. 

Oral  vibrissae  indistinct ;  frons  and  face  bristly  ;  subcosta 
present ;  legs  stout,  each  tibia  with  a  spur  and  a  pre-apical 
bristle  ;  mesonotum,  scutellum  and  abdomen  fiat. 

Small,  dark  flies,  found  on  the  sea-shore,  about  seaweed,  etc. 


Heteroneuridje. 

Antennae  porrect ;  arista  bare,  pubescent  or  plumose  ; 
oral  vibrissae  present ;  frons  bristly ;  post- vertical  bristles 
divergent. 

Small  flies,  with  elongate  wings,  found  in  woods  and  forests, 
about  shaded  brooks  and  marshy  places. 

The  larvae  are  found  in  decaying  wood  and  under  bark.  The 
mouth-hooklets  of  the  larva  are  very  small.  They  have  a  way 
of  ^'  skipping  "  about  like  the  larvae  of  Piophila, 

The  puparia  have  two  horns  on  the  posterior  segment. 

G  G 


No  oral  vibris^^^* :  post -vertical  bri«it!es  diverjjent  ;  sub- 

costd  present  ;  pre-apical  bristles  present. 

BD*ufu-!i  !lit-   liMiaU)  wall  iiuiTkin^s  mi  the  uiags. 
lliv  Lirva-  iiu-  aqiidtii     Ihv  IxA  M  ^rineiit  has  ^ix  or  eight 

Thv  ;M.lnlt^  ATv  h'xnvl  m  iiu'i>t  h)i'.i]ities, 
Hl::l  oMVZU) 

Oral  V  ibrissap  present ;  subcosta  present ;  costa  pectinate  ; 
tiblje  with  spurs  mnd  pre-apical  bristles. 

Thi^  i>  ratk  r  a  -niall  f.i inilv  The  Hies  an^  found  in  shady 
and  daiiij)  places  aiui  iHea>iiniaily  i»ti  nindows.  S4)me  live  in 
caves  and  hiim)W^. 

The  Ltrwe  art*  -fMiie^^hat  eylindrii'ul  huX  narrower  in  front 
than  indiiiul.  The  niouth-hm)k!ets  are  large  and  {:K>iiited. 
Tliev  fer-d  on  animal  and  dttayiiig  vt^get^ihle  matter. 

Antennie  long ;  arista  flattened  ;  scutellum  very  large. 

These  flie^  are  easily  rtM?ognizetl  hy  the  remarkable  develop- 
ment ol  the  scutellum,  whieh  may  co\€T  the  alxionien  com- 
pletely, hiding  the  w\ng^  when  at  rc^st.  They  art^  generally^ 
found  aniong  gruss. 

They  are  of  no  e^onomie  ini|K)rtaiiee. 

BORBOBID.H. 

Antennae  short  ;  arista  dorsal  or  terminal,  bare  or  pubes- 
cent ;  oral  vibrissae  present ;  subcosta  at^nt  or  incomplete  ; 
Mud  metatarsi  usually  dilated. 

Small  to  minute^  dark  f!it¥,  uj^ually  found  about  decomposing 
c>rganie  matter,  in  whieii  the  larva*  live. 
They  are  i>f  no  iiujJortaiK'e  4XH>noniieally. 
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Head  produced  into  lateral  processes,  each  bearing  an 
eye  ;  no  oral  vibrissse  ;  front  femora  thickened. 

Hnuill,  hare  flies,  t^asiJy  reiM)gnize(l  hy  the  |XH*uliar  shapt^  of 
the  hvad.  They  have  a  restricted  tro{)ical  cHstrihution.  and 
have  \mm  found  in  Fndia,  Africa,  and  Xorth  America. 

Little  is  known  of  th€\^e  tiles,  except  Sphyrartphala  hearseiana. 
a  short  account  of  which  is  given  hy  St^n  (19:21).  He  says  that 
these  forms  are  found  in  certain  parts  of  India,  where  they 
congregate  in  hirge  swarms  on  rocks  or  the  like  in  damp  and 
shady  places.  Their  structure  suggest.s  a  predaceous  habit, 
hut  this  has  not  yet  Ix^n  proved.  In  captivity  the  incubation 
})ericKl  of  the  egg  was  found  to  four  days,  the  larval  period 
seven  days,  an<i  that  of  the  pupi  ten  days.  The  strncture  of 
the  hirva  indicates  a  semi-aquatic  mode  of  life. 

They  are  of  no  economic  importance. 


CORDVLrRID.E. 

Front  with  bristles  ;  eyes  widely  separated  in  both  sexes  ; 
squamae  present,  but  small ;  subcosta  present ;  costa 
pectinate  or  not,  but  never  with  a  spine  where  Ri  runs  into 
the  costa  ;  abdomen  with  more  than  four  visible  segments. 

The  larva^  are  found  in  dung  (mostly  the  sub-family  Scato- 
phagm(je)An  wet  places  near  water,  and  in  the  stems  of  water 
plants.  Willistoii,  1908,  records  a  i^^pecies  of  Clklognstra  as  a 
NcK*tui(i  parasite. 

The  adult  flies  are  found  in  moist  places  and  about  excrement, 
and  are  predaceous.  Scatophaga  stercoraria,  the  yellow  dung- 
fly,  was  recorded  by  Hewitt,  1914,  as  attacking  Muscids. 
According  to  Cottereli,  1920,  it  has  attacked  the  common 
house-fly  and  blow-fly ;  in  suitable  ciicumstaniCes  it  might  be  a 
very  efficient  check  on  these  flies. 
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ui!  f/filypinUif. 

Squamae  well  dev  eloped  ;  eyes  of  the  male  holoptic  ;  sub- 
cimta  distinct;  transverse  suture  complete, 

ANTHr»MYiriKE. 

Arista  plumose,  pubescent  or  bare  ;  the  first  posterior  cell 
broadly  open. 

Small  to  niiMitTiitt'ly  large  flies,  usually  of  a  dull,  dark  colour. 
Tlii'  niak  s  are  frt»quently  holo|)tic,  liiit  all  have  the  eyes  clo?;er 
togtthtT  thun  the  females,  aiui  some  have  the  genitalia  well 
devt^ln^K^d.  They  can  Ik^  rwogniml  from  the  other  ealyptrate 
flies  Hy  the  widely  oim\  first  jx^sterior  eell. 

Tht^  inaj()rity  Liy  their  eggs  in  dei^ayiiig  vegetable  matter, 
dung,  ete.,  and  the  larva'  hvd  on  this  material.  The  remainder 
3«ht>w  considerable  variety  of  habit,  however,  for  some  maggots 
fml  on  rtK>ts,  some  are  leaf-minen,  a  few  are  found  in  the  nests 
of  l>t*t*s,  one  or  two  are  jxirasitie  on  locusts,  some  of  the  genus 
Mydma  in  Africa  are  carnivorous  (Rodhain  and  Bequaert, 
HU<i),  and  Keilin  (1919)  states  tliat  several  forms  eause  snb- 
eutanemLs  niyia>is  in  birds. 

Fainiia  mule  alar  is  is  usually  known  as  the  lesser  house-fly. 
It  is  smaller  than  tlie  eouniuni  houst^-tiy,  which  belongs  to  the 
Mmehkt.  It  is  usually  unobtrusive  and  flies  aimlessly  about 
in  tlie  iiir;  but  given  the  ehanee  it  may  l>ecome  dangerous  in 
the  tiisst^mination  of  intestinal  <liseasi\  as  it  did  in  Gallipoli 
during  the  (^reat  War. 

8*>me  species  t)f  Fau  n  la  are  from  time  to  time  recorded  as 
eausing  myiasis  in  the  urethra  and  alimentary  canal  of  man. 

.^veral  forms  are  jR^sts  which  trouble  the  market-gardener 
and  farmer. 

The  onion-fly  {Ph(rrhia  eepttorum)  attaeks  onions  in  Europe 
and  America.  The  fly  is  dark  grey,  with  four  brow^n  stripes 
on  the  thorax  and  black  leg^.  The  eggn  are  laid  on  the  plant 
just  ak)ve  the  ground.  The  maggots  hatch  in  five  to  seven 
days  in  this  countr\%  and  then  burrow  into  the  bulb,  where 
they  live  for  thirttt-n  to  fifteen  dayB.  They  then  pupate,  the 
pupal  }>eritMi  being  from  ten  to  twenty  days.    There  are 
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several  KrtMxls  during  the  year,  and  it  passej>  the  winter  as  a 
pupa  in  the  soil  or  in  stored  onions. 

Pegcmyia  heia  attacks  mangolds  and  beet.  The  flies  are  in 
evidence  from  March  to  June  in  this  country. 

One  to  four  eggs  are  laid  on  the  under-surfaee  of  the  leaf. 
The  maggots  hatch  out  in  about  five  days  and  mine  the  leaf, 
eating  the  soft  tissue  for  about  a  month.  They  pupate  in  the 
leaf  and  the  flies  emerge  in  ten  days.  There  are  tliree  or  more 
broods  in  the  year,  and  hibernation  takes  place  in  the  pupal 
titage. 

Chortophih  bras^ktv,  the  cabbage-root  fiy,  is  about  a  quarter 
of  an  inch  long,  and  of  an  ashy  grey  colour.  The  flies  first 
appear  in  April  and  May,  and  the  females  lay  their  eggs  in  the 
soil,  close  to  the  cabbage  plants.  The  eggs  hatch  in  a  few 
days.  The  maggots  are  whitish,  and  attack  the  rootlets  of  the 
plant.  In  aboot  three  weeks  the  maggot  is  fully  grown,  ceases 
to  feed,  and  pupates  in  the  earth. 

There  are  two  and  sometimes  three  generations  in  the  year  ; 
the  winter  is  p^issed  in  the  pupal  stage. 

As  a  preventive  against  the  attacks  of  this  fly,  a  mixture  of 
green  tar  oil  and  earth,  etc.,  in  the  proportion  of  I  to  100,  is 
cast  on  the  soil  when  the  cabbages  are  planted. 

Hylemifia  coarctata  (the  wheat-bulb  fly),  in  Europe  and  N. 
Asia,  is  also  a  pest  of  importance. 

MUSCIDJE. 

Arista  plumose  or  pectinate  ;  first  posterior  cell  narrowed 
or  closed  ;  base  of  abdomen  without  macrachaetae. 

Rather  small  "to  rather  large  flies,  usually  of  a  dull  colour,  but 
sometimes  metallic  blue  or  green.  The  first  posterior  cell  is 
usually  closed  or  nearly  so,  but  it  may  be  rather  widely  open  in 
some  genera,  in.  w^hich  the  median  Tein  has  a  slight  forward 
curve  at  the  end.  The  males  are  holoptic  and  the  females 
dichoptic. 

They  are  a  very  cosmopolitan  group  on  the  whole,  the  com- 
mon house-fly  probably  "being  the  most  uhiq[uitous  of  all  insects. 

Many  lay  their  eggs  in  dung,  vegetable  refuse,  etc.;  the 
bluebottles  and    greenbottles  usually  oviposit  on  meat  and 
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dt'eaying  aiiinval  iiiatttT,  hn\  >i)mv  forms  oceasionally  clo  i^o  on 
!iv4^  aiiinidl-.  F^r  in^taiui*.  Uifllia  nnpjrficfphala,  one  of  the 
gTtTnU>ttk'N,  attacks  hini>  and  rnutiimals,  iiudiiding  man,  in 
thel  nnjr*)  in  ihi^  m.mnvT  {llnuhuyl  .nn\  v.  Saeeghem.  191B)— 
and  othiT  s}Mvie>  rd  Lnnlui  have  been  rtH^tirded  laying  their 
rggs  oil  youni?  hird-<,  and  in  o]>en  >(>rtN  and  wounds.  Species 
of  (.^hrirrmu/ia.  the  >erevv-Horni  fly.  in  North  America,  behave 
in  the  >anie  way.  hut  in  this  ea?<e  it  has  In^'ome  a  fixed  habit. 
Further  sjMXMaiizatiun  in  this  dirtH'tion  is  shown  by  Cordijlolna 
in  Afriea  antl  iHrmaU^na  in  Ameriea,  the  maggots  of  both  of 
w  hieh  huTTow  into  the  ^kin.  The  larva  of  Anckineromyia,  the 
( ongo  fltxyr  maggot,  remarkable  for  the  fact  that  it  sucks 
human  bliKHi,  a  ha})it  siniihir  to  Profocalliphora  azureay  the 
larva  of  which  sucks  the  MiHKi  of  birds  (Coutant,  1915). 
From  a  metiical  jxnnt  of  view^  the  family  is  an  important  one. 


as. 


hh 


Fig.  154. — L<arva  of  Muscn  dorncstiea. 
as.     »ut^rior  ypiracfc.   ps.  ^  poftterlor  sj^raele.  hh.  a«  buccal  hcxAa. 

Various  forms  may  cause  myiasis,  as  mentioned  above.  Musca 
dormsiim^  the  common  house-fly,  iscapahle  of  spreading  such 
diseases  as  typhoid,  summer  diarrhoea,  cholera,  amoebic  and 
baeillary  dysentery,  diphtheria,  ophthalmia,  and  poliomyelitis, 
and  is  suspect  in  the  case  of  others.  Much  has  been  written 
about  this  littk  insect,  and  its  habits  have  been  advertised 
extensively  with  a  view  to  reducing  the  pest  to  insignificant 
proportions— hut  it  m  »o  prolific  and  adaptable,  and  the  public 
so  averse  to  stirring  itiself  in  its  own  interest  and  that  of  its 
neighbours,  that  little  or  no  effect  has  been  achieved.  The 
main  problem  is  to  attack  the  breeding-places  and  try  to  prevent 
bre-eding  or  to  destroy  the  inj^t  in  its  early  stages  hj  means  of 
poison.  What  a  co-operative  campaign  can  do  is  shown  by  the 
fact  that  the  flies  in  Mesopotamia  during  the  w  ar  w^ere  controlled 
by  careful  sanitation,  the  destruction  of  maggots  in  the  latrines. 
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and  by  trapping  the  adult  flies  on  a  sodium  arsenite  poison 
trap.  In  houses,  the  wire  balloon  trap  baited  mth  banana  is 
a  convenient  trap  ;  or  they  may  be  poisoned  with  a  2  per  cent, 
formalin  solution,  made  up  with  a  little  lime  i^'ater,  adding 
milk  or  a  crust  as  a  bait.  One  per  cent,  sodium  fluoride 
solution  may  be  used  in  the  same  way,  in  place  of  the  formalin, 
and  is  Tery  deadly. 
Blow-flies  should  be  screened  from  meat  in  some  way.  This 


Fig.  155. — Wing  of  Pollenia  rudia. 
lat  pc.  —  1st  posterior  cell  (cloied). 


is  usually  done  in  houses,  but  the  butchers'  shops  in  this 
country  are  often  a  repulsive  sight  in  hot  weather,  when  the 
flies  are  allowed  free  run  of  the  meat. 

One  of  this  group,  Lucilia  serimU,  the  sheep-maggot  fly,  does 
considerable  damage  to  sheep  by  causing  sores,  inflammation, 
discoloration  of  the  wool,  and  general  loss  of  condition.  In 
Australia,  a  number  of  species  have  acquired  this  habit 


Fig.  15S. — ^Wing  of  Stomoxys  catdtrans. 
l«t  fc.  =  1st  posterior  odi  (naiwwed). 

of  ovipositing  on  sheep,  and  these  include  Muscina  stabulanSy 
and  species  of  the  genera  Cclliphora,  I/ucilia,  Ckrysomyia  and 
Pallenia. 

The  habits  of  Muscid  flies  are  multifarious.  Some,  for 
instance,  infest  country  houses  and  large  bxdldings  in  consider- 
Me  numbers  in  the  autumn  and  spring. 

Pollenia  rudis,  the  cluster-fly,  is  one  of  these.    It  is  a  little 
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larger  than  M.  domestica,  hut  can  easily  be  distinguished  from 
it,  as  it  has  a  pale  golden  pubescence ;  and  when  at  rest  its 
wings  are  folded  over  one  another.  Keilin  states  that 
it  lays  its  eggs  in  the  soil,  under  grass.  The  maggots,  if 
fortunate,  find  their  way  into  an  earthworm  of  the  genus 
AUolobopJiora,  and  they  live  there  till  full-grown,  and  then 
pupate  in  the  soil.  In  the  second  instar,  the  maggot  makes  its 
way  to  the  front  end  of  the  worm,  and  extrudes  its  hind 
segments  so  as  to  bring  its  spiracles  into  contact  with  the 
air.  This  author,  describing  his  researches  in  France,  gives 
one  generation  per  annum,  the  winter  being  passed  in  the 
larval  stage.  In  America,  apparently,  there  are  three  or  four 
generations  in  the  year  (Webb  and  Hutchison,  1916).  These 
writers  do  not  say  how  the  winter  is  passed,  but  state  that  they 
could  find  no  hibernating  larvae.  This  remarkable  life-history 
bears  a  close  resemblance  to  that  of  the  Tachinids.  The  adults 
also  hibernate  in  masses  behind  pictures,  shutters,  etc.,  in 
cracks  and  round  window  frames,  in  the  upper  rooms — ^usually 
or  preferably  uninhabited  ones.  When  the  warm  weather 
arrives,  they  wake  up  and  worry  the  inmates  with  their  active 
presence. 

Associated  with  P.  rudis  are  often  found  two  other  species — 
Musca  corvimy  resembling  M.  domestica,  except  that  the 
abdomen  of  the  male  is  yellow,  with  a  black  stripe  down 
the  middle — and  PyrelUa  eryophiJmlma,  a  metallic  bluish-green 
fly,  rather  smaller  than  the  common  greenbottle  Lucilia  ccesar. 
Both  these  forms  may  appear  in  large  numbers,  especially  the 
latter.    Both  sexes  are  present  in  the  three  associated  forms. 

Many  adult  Muscids  have  their  mouth-parts  adapted  for 
sucking  blood.  The  genera  Stomoxys  and  Hcematobia  are 
common  in  all  latitudes.  Stomoxys  calcitrans  is  the  commonest 
of  these.  It  breeds  in  horse-dung  and  damp  straw,  especially 
oat  straw.  In  size  and  general  appearance  it  resembles  the 
house-fly,  but  when  at  rest  its  proboscis  can  be  seen  projecting 
forward  beyond  the  head,  and  the  first  posterior  cell  of  the 
wing  is  rather  broadly  open.  The  favourite  place  for  biting 
seenas  to  be  the  ankles.  So  far  it  has  not  been  proved  to 
convey  any  disease.  In  all  blood-sucking  Muscids,  both  males 
and  females  suck  blood. 

The  chief  blood-sucking  group  are  the  tsetse  flies,  constituting 
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Slab-family  Glossinince.    They  are  confined  to  Africa  and 
^h.ern  Arabia,  although  it  is  interesting  to  note  that  fossil 
have  been  discovered  in  Colorado  (Cockerell,  1918). 
y  are  an  important  economic  group,  since  they  transmit  a 
••ber  of  trjrpanosome  diseases,  including  sleeping  sickness 
Hagana.    Usually  they  inhabit  damp  and  shady  places, 
■  ^ater.    The  flies  do  not  lay  eggs,  but  full-grown  larvse, 
'h.  they  drop  one  at  a  time  on  the  ground  while  in  flight, 
larvse  bore  into  the  ground  and  pupate  at  once. 
^©  tsetse  flies  prefer  black  to  other  colours,  and  do  not 
-  to  white,  so  that  white  clothing  should  be  worn  in  fly 


Fig.  167. — ^Wing  of  PoUetea  lardaria. 
l8t  pc.  «  Isb  posterior  cell. 


;  the  flies  can  be  trapped  on  a  small  scale  on  sticky  black 
ces.  Where  practicable,  the  clearing  of  scrub  for  thirty 
rty  yards  from  water  has  been  beneficial,  as  the  insects 
rule  do  not  fly  more  than  thirty  yards  from  the  water ; 
may,  however,  follow  men  and  animals  away  from  the 
•  for  much  greater  distances. 

Ferences. — E.  E.  Austen,  Monograph  of  the  Tsetse  Flies 
)  ;  C.  G.  Hewitt,  The  Housefly  (1910) ;  G.  S.  Graham-Smith, 
dood-sucking  Flies  (1914) ;  E.  E.  Austen  (1922). 

SaRCOPHAGIDuE. 

^h-flies. 

5ta  plumose  half-way,  or  a  little  beyond,  the  distal 
»n  being  bare  ;  first  posterior  cell  narrowed  or  closed. 

lium-sized  to  rather  large  grey  flies,  resembling  the 
dee,  from  which  they  are  distinguished  by  the  arista, 
imes  the  hypopygium  of  the  male  is  well  developed, 
yes  are  often  red. 
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The  adults  are  found  about  decaying  vegetation,  animal  and 
faecal  matter,  and  also  fruit.  The  larvae  live  on  such  material, 
but  some  are  parasitic  in  snails  and  in  insects  ;  they  have  also 
been  known  to  cause  myiasis  in  man  and  other  animals. 

According  to  Kelly  (1914)  six  species  of  Sarcophaga  are 
parasitic  on  grasshoppers,  S,  carnaria,  the  common  form  in 
this  country,  being  the  only  one  of  the  genus  which  is  not 
parasitic.  This  authority  gives  an  account  of  S,  kellyi,  in 
which  he  says  that  it  attacks  grasshoppers,  knocking  them 
down  whilst  in  flight,  and  managing  to  deposit  on  the  wings 
or  abdomen  of  the  locustid  one  or  more  larvae  in  this  short 
space  of  time.  The  larvae  enter  the  body  of  the  grasshopper 
at  the  base  of  the  wing  or  between  the  segments  of  the  abdomen. 
They  take  ten  to  thirty  days  to  mature,  and  they  then  leave 
the  host  to  pupate  two  to  six  inches  deep  in  the  soil.  Their 
sight  does  not  appear  to  be  very  acute,  for  they  larviposit 
indiscriminately  on  any  insect,  and  even  on  balls  of  paper 
thrown  into  the  air.  They  may  also  larviposit  on  the  nymphs 
of  grasshoppers,  as  these  sit  on  blades  of  grass  during  the 
hardening  of  the  chitin. 

There  are  five  or  six  generations  a  year. 

They  are  themselves  parasitized  by  several  Chalcids. 

Tachinid^. 

Arista  bare  and  three -jointed  ;  first  posterior  cell  narrowed 
or  closed  ;  macrochaetse  on  the  basal  portion  of  the  abdomen. 

This  is  a  very  large  family  of  bristly  flies,  usually  found 
about  flowers  on  which  they  feed.  So  far  as  is  known,  the 
larvae  are  all  parasitic  on  other  insects,  chiefly  Lepidoptera 
and  Hymenoptera.  Fabre  gives  a  charming  account  of  the 
relations  between  a  species  of  Miltogramma,  and  Bembex,  a 
fossorial  wasp. 

In  the  aggregate,  the  Tachinidce  must  exert  a  very  powerful 
check  on  insects  in  general,  and  so  help  to  keep  them  within 
reasonable  limits.  Several  are  important  in  being  checks  on 
economic  pests. 

The  following  few  examples  are  interesting  as  showing  the  wide 
range  of  method  adopted  by  the  TacMnidae.  Thus  they  may  be 
oviparous  or  larviparous,  and  may  lay  eggs  or  yoimg  maggots  on 
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either  larvae  or  adult  insects  ;  or  they  may  lay  their  eggs  in  such 
places  as  may  bring  their  victims  in  close  contact  with  them. 

Bucentes  geniculata  parasitizes  the  larvae  of  Tipula  palvdosa 
largely;  also  T.  oleracea,  and  probably  others.  The  fly  is 
rather  small  and  dark,  with  strong  abdominal  bristles.  It 
is  widely  distributed  in  this  country. 

The  flies  emerge  in  April  and  May,  and  die  off  in  June. 
From  mid- June  and  onwards  from  16  to  40  per  cent,  of  Tipulid 
larvae  were  found  infected  one  year  by  young  Bucentes  maggots. 
Any  number  up  to  nine  were  found  in  each  leather-jacket.  The 
larval  period  does  not  appear  to  be  more  than  five  weeks,  and 
the  parasites  then  leave  the  host  and  pupate  at  a  depth  of 
2--3  inches  in  the  soil,  though  sometimes  the  parasites  remain 
attached  to  the  tracheal  trunks.  The  pupal  period  lasts 
about  seventeen  days.  The  adults  lay  eggs,  and  the  larvae 
which  find  hosts  spend  the  winter  in  them.  Nielsen  (1918) 
however  states  that  they  hibernate  in  the  pupal  stage.  There 
are  two  generations  a  year. 

The  above  extract  is  made  from  Rennie  and  Sutherland 
(1920). 

Embiomyia  caloscmoi  attacks  Calosoma  beetles.  The  latter 
are  employed  extensively  in  America  for  combating  the  Gipsy 
and  Brown-tail  moths,  on  which  they  prey. 

The  flies  emerge  in  May  and  June,  and  lay  from  one  to  four 
eggs  on  some  part  of  the  surface  of  the  adult  beetles,  but  as 
many  as  ten  eggs  on  one  beetle  have  been  recorded.  The  eggs 
hatch  in  from  three  to  twenty-four  hours,  and  the  larvae  bore 
into  the  host  and  take  nine  to  twelve  days  to  develop.  They 
may  pupate  inside  the  beetle,  or  externally  between  the  elytra 
and  the  abdomen,  above  or  below  the  wings.  The  pupal 
period  lasts  nine  to  fifteen  days. 

The  flies  of  the  second  generation  issue  in  July  and  August. 
Eggs  are  again  deposited  on  the  beetles,  and  the  larvae  hibernate 
in  the  beetle  after  the  first  moult.  In  a  favourable  season 
there  may  be  a  partial  third  generation. 

The  above  account  is  taken  from  Collins  and  Hood  (1920). 

Howard  and  Fiske  (1912)  give  an  account  of  Blepharipa 
scutellata,  the  chief  Tachinid  parasite  of  the  Gipsy  moth.  The 
fly  lays  its  eggs  on  the  leaves  of  the  food-plant  of  the  cater- 
pillar, which  eats  them.    Those  escaping  mastication  pass 


460  MANUAL  OF  ENTOMOLOGY 


into  the  alimentary  canal,  and  embed  themselves  in  the 
tissues  of  the  host,  causing  a  sort  of  gall  formation.  After  a 
moult  the  larva  changes  its  position  and  seeks  one  of  the 
spiracles,  to  which  it  applies  its  posterior  end,  thus  bringing 
its  own  spiracles  in  contact  with  the  air.  The  activities  of  the 
third  instar  are  not  given,  but  it  is  stated  that  the  parasite 
waits  until  the  host  pupates  before  devouring  it  to  death. 
The  parasite  pupates  in  the  earth,  and  the  whole  cycle  occupies 
ten  to  eleven  months. 

The  same  authors  give  an  account  of  Compsilura  concinnata, 
which  attacks  impartially  both  the  Gipsy  moth  and  the  Brown- 
tail  moth,  as  well  as  a  large  number  of  other  Lepidoptera. 
There  are  fifty-eight  Emopean  hosts  recorded,  and  a  list  of 
twenty- three  American  ones  given  by  Culver  (1919)  probably 
leaves  a  good  margin. 

The  method  of  attack  of  this  fly  differs  from  B.  scutellata. 
It  inserts  its  ovipositor  under  the  skin  of  the  caterpillar,  and 
extrudes  tiny  maggots,  which  develop  quickly  for  about  two 
weeks.  After  the  first  moult,  they  migrate  to  the  posterior 
spiracles.  When  they  come  out  to  pupate,  they  do  so  either  in 
the  earth  at  the  foot  of  the  tree  on  which  their  hosts  lived,  or 
behind  the  bark ;  but  some  may  be  found  in  the  cocoons  of 
the  moths.  The  pupal  period  lasts  about  a  week  in  the  earth, 
but  only  a  couple  of  days  or  so  on  the  tree.  The  adults  attain 
maturity  in  three  or  four  days.  Thus  the  whole  cycle  is 
completed  in  about  a  month.  Culver  (1919)  gives  three 
generations  a  year.   Hibernation  takes  place  in  the  larval  stage. 

In  Canada  large  numbers  are  reared  and  distributed  yearly. 
In  the  entomologist's  report  for  1917,  for  example,  15,725 
puparia  were  reared  from  78,484  caterpillars  of  the  Gipsy 
moth,  which  were  collected  from  forty-five  different  places. 

Dexhd^. 

Arista  bare,  pubescent  or  plumose,  two-  or  three -jointed  ; 
abdomen  with  bristles  along  the  dorsum ;  legs  long  and 
bristly. 

Small  to  medium-sized  flies,  resembling  the  Tachinids  both 
in  appearance  and  habits.  So  far  as  is  known  they  are  entirely 
parasitic  on  insects  and  snails. 
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The  eyes  of  the  males  are  close  together,  those  of  the  females 
more  widely  separated. 

OESTRIDiE. 

Bot-flies.  Warble-flies. 

Antennae  short,  small  and  inconspicuous  ;  oral  opening 
small,  mouth-parts  small  and  rudimentary  ;  first  posterior 
cell  narrowed  or  closed  ;  discal  cell  sometimes  absent. 

Rather  large,  hairy  flies,  with  large  heads,  the  lower  part  of 
which  is  rather  swollen. 

The  larvse  are  all  parasitic  on  mammals,  and  eggs  are  laid 
on  the  hairs  or  skin  of  the  animal  attacked.  Each  species  has 
its  own  particular  host.  The  maggots  may  infest  different 
parts  of  the  body,  e.g.  GastropMlus  equi,  the  horse  bot-fly,  lives 
in  the  stomach ;  CEstrus  ovis,  the  bot-fly  of  the  sheep,  chooses  the 
cavities  of  the  nose  and  pharynx ;  while  Hypoderma  bovis,  the 
ox  warble-fly,  travels  about  in  its  host,  but  ends  finally  in  the 
skin  of  the  back. 

The  history  of  the  last-named  is  as  follows  : — The  eggs  are 
laid  on  the  hairs  of  the  hind-leg,  chiefly  below  the  hock.  The 
spiny  maggots  hatch  in  four  or  five  days  and  bore  into  the 
skin,  and  after  three  or  four  months'  wandering  reach  the 
oesophagus,  where  they  remain  for  a  year  or  so.  They  then 
migrate  to  the  skin  of  the  back,  where  they  feed  on  the  fluid 
arising  from  the  inflammation.  The  posterior  end  is  pushed 
through  the  skin,  bringing  the  spiracles  into  contact  with  the 
air.  In  the  early  spring  they  come  out,  fall  to  the  ground, 
and  pupate  for  about  six  weeks. 

The  damage  done  to  the  hides  in  this  way  is  very  considerable, 
but  no  satisfactory  method  of  combating  the  fly  has  as  yet 
been  found. 

CEsirm  om^  deposits  larv.se  in  the  nostrils  of  sheep  and  goats, 
and  the  maggots  live  in  the  nasal  sinuses,  but  come  out  to 
pupate.  A  mixture  of  white-pine  tar  oil  and  eucalyptus  should 
be  smeared  over  the  bottom  of  the  salt-trough,  so  that  the  sheep 
get  some  on  their  noses.    This  is  said  to  keep  the  fly  away. 

The  family  were  listed  by  Barr  as  a  sub-family  of  Muscaridce 
in  1906  [Qm.  Ins.  43). 


462 


MANUAL  OF  ENTOMOLOaY 


(c)  PUPIPARA 

Medium  or  small  flies  with  a  leathery  integument, 
winged  or  wingless,  generally  parasitic. 


HiPPOBOSCIDiE. 

Antennae  inserted  in  depressions  near  the  mouth,  appar- 
ently one -jointed  ;  the  proboscis  sheathed  in  the  palps  ; 
head  and  thorax  flattened  ;  halteres  reduced  ;  coxse  broadly 
separated  ;  claws  strong  and  sometimes  toothed  ;  wings 
absent  or  present,  the  veins  approximated  to  the  front  of 
the  wing,  where  they  are  well  marked,  the  rest  of  the  wing 
hyaline,  with  faint,  oblique  veins  showing. 


The  flies  are  leathery  and  brown,  with  strong  legs.  The 

adults  are  all  parasitic  on  birds  or 
mammals.  They  include  Melopha- 
gus  ovinus,  the  sheep-  ''tick"  or 
''ked/'  and  Hippobosca  equina,  the 
horse  or  "forest  "fly:  they  are 
abundant  in  the  tropics  on  dogs 
and  horses. 

The  sheep-tick  passes  its  life  on 
the  host.  Swingle  (1913)  gives  the 
following  data: — ^The  larva  is 
born  mature  and  pupates  in  twelve 
hom-s.  The  pupal  stage  lasts  nine- 
teen to  twenty-three  days  in  summer 
and  at  least  nineteen  to  thirty-six 
in  winter.  Pausing  takes  place  three 
to  four  days  after  emergence,  and  the  birth  of  a  larva  ten  to 
twenty-seven  days  after.  The  female  produce  ten  to  twelve 
young  in  four  months. 

According  to  Noller  (1919),  this  insect  transmits  sheep 
trypanosomiasis.  He  considers  the  parasite  as  quite  distinct 
from  Crithidia  melophagi.  which  M.  ovinus  is  known  to 
harbour. 


Fia.  158. — Stenopteryx  hirun- 
dinis,    {  X  4.) 
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NyCTERIBnD^. 

Head  at  rest  folded  back  on  the  thorax  ;  antennae  two- 
jointed,  short  and  bristly  ;  eyes  vestigial ;  wingless. 

The  flies  are  small,  with  the  legs  long  and  held  like  those  of 
a  spider.  All  are  parasitic  on  bats.  They  cling  to  their  host 
so  that  their  dorsal  surface  is  in  contact  with  the  skin  of  the 
bat,  and  feed  in  this  position  on  its  blood.  There  are  several 
species,  many  of  which  are  described  by  Ferris  in  vol.  27  of  the 
Entomological  News  (p.  436).  According  to  Scott  (1916),  they 
are  not  confined  to  any  one  species  of  bat,  but,  broadly  speaking, 
some  prefer  the  fruit-eating  bats,  the  others  the  insectivorous 
forms. 

The  mature  females  give  birth  to  full-grown  larvae,  one  at  a 
time,  and  leave  the  host  to  do  this  on  some  smooth  and  dry 
surface  near  the  host.  The  larva  is  motionless,  and  is  made 
to  adhere  firmly  by  the  mother,  which  stands  over  it  and  pats 
it  against  the  surface  with  her  thorax ;  it  remains  stuck  hard 
by  the  gummy  secretion  expelled  by  the  mother  during  the 
extrusion  of  the  larva.  The  act  accomplished,  the  fly  scuttles 
back  to  the  host.  The  larvae  are  soft  and  rounded,  and  whitish 
in  colour.  The  exposed  part  of  the  skin  hardens  and  darkens 
in  about  half  an  hour,  but  the  remainder  takes  considerably 
longer  (Scott,  1916). 

Rodhain  and  Bequaert  (1915)  give  a  similar  account  for 
Cyclopodia.  They  state  that  unless  the  adults  find  hosts 
within  forty-eight  hours,  they  die  ;  also  that  copulation  takes 
place  on  the  host.  (See  also  Urich  and  Sc©tt,  P.Z.S.  June, 
1922.) 

Stbbblid^. 

Antennae  two-jointed,  inserted  in  a  pit ;  palpi  short,  broad 
and  projecting. 

Like  the  foregoing  family,  they  are  parasites  on  bats,  but 
little  more  appears  to  be  known  about  them. 

For  convenience,  another  bat  parasite  may  be  described 
here.   It  is  less  like  the  Nycteribiid  than  the  Streblid,  and 
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has  as  yet  not  definitely  been  allocated  to  any  family.  The 
foUowmg  is  an  abstract  from  Muir's  account  in  1911. 

Ascodipteron  speiserianum  is  found  in  the  Dutch  East  Indies. 
The  males  and  females  hatch  out  as  normal  winged  adults. 
The  female,  on  finding  a  host,  burrows  into  the  skin  at  the 
base  of  the  ear  and  then  casts  her  legs  and  wings ;  her 
abdomen  then  develops  to  an  enormous  extent,  and  entirely 
envelops  her  head  and  thorax,  so  that  she  appears  as  a  bottle- 
shaped  grub  without  legs  or  head."  The  larvae  are  born 
fully  grown  and  fall  to  the  ground,  where  they  pupate.  The 
pupal  period  is  thirty  to  thirty-one  days. 

BRAIJLIDiE. 

Minute,  wingless  flies,  of  about  2  mm.  in  length, found  on 
bees.   The  last  tarsal  joint  has  a  pair  of  combs. 

There  is  only  one  species,  Braula  coeca.  According  to  Skaife 
(1921)  it  is  neither  parasitic  nor  pupiparous.  He  gives  the 
following  life-history  : — Eggs  are  laid  haphazard  over  the  brood- 
combs.  They  are  minute  and  difficult  to  see,  being  covered 
with  wax.  On  either  side  of  the  egg  is  a  reticulated  flange  run- 
.  ning  lengthways,  the  two  nearly  meetiQg  at  either  extremity. 
The  larva  on  hatching  makes  its  way  to  a  cell  containing  the 
grub  of  a  bee,  and  feeds  on  the  food  already  stocked  there. 
It  has  a  typical  muscoid  form,  and  is  metapneustic.  The 
puparium  is  white  and  the  pupa  may  be  seen  through  the 
transparent  larval  skin.  On  emergence,  the  adult  makes  its 
way  on  to  a  bee.  ^ 

The  food  of  the  adult  appears  to  be  honey.  This  it  obtains 
from  the  mouth  of  the  bee,  which  it  stimulates  in  some  way 
to  release  a  drop. 

Skaife,  ''Braula  coeca'' — Roy.  Soc.  S.  Af.,  vol.  x,  No.  1 
(1921). 


SIPHONAPTERA 


Antennae  three -jointed,  in  a  groove  ;  eyes  simple  when 
present ;  mouth -parts  adapted  for  piercing  and  forming 
a  tube  for  the  suction  of  blood  ;  the  thorax  with  three 
movable  segments  ;  all  coxae  and  epimera  of  metathorax 
well  developed  ;  wings  absent ;  metamorphosis  complete. 

Pleas  are  small,  bilaterally  flattened  insects,  well  known  to 
the  layman  on  account  of  the  irritation  of  their  bite  and  their 
ubiquity.  They  lead  a  more  or  less  parasitic  existence  on 
warm-blooded  vertebrates,  none  being  exempt  from  their 
attentions,  unless  it  be  the 
monkey  tribe. 

For  the  most  part  they  are 
about  one-eighth  of  an  inch  in 
length,  though  one  form  from 
the  New  World  is  more  than 
twice  this  size.  In  colour  they 
are  a  chestnut  brown. 

The  body  is  provided  with 
regular  sets  of  spines  pointing 
backwards,  a  formation  which 
greatly  assists  its  passage 
through  the  hairy  or  feathery 
forest  of  the  host's  integu- 
ment. Fleas  are  renowned  for 
their  powers  of  leaping,  and  in 
this  respect  the  human  flea,  Pulex  irritans,  holds  the  record 
in  the  group. 

The  head  is  fixed  broadly  on  to  the  thorax.  In  profile  it 
is  somewhat  triangular,  but  rounded  from  front  to  vertex. 
There  may  be  a  simple  eye  on  either  side,  but  it  is  absent  in 
many  forms.  Above  the  eye  lies  the  anteima,  sunk  in  a  groove 
pointing  downwards  and  backwards.  It  has  three  joints,  the 
third  being  larger  than  the  other  two,  rounded  and  complex. 

The  mouth-parts  include  the  maxilla,  a  triangular  plate  on 
each  side  of  the  oral  opening ;  a  parr  of  four-jointed  maxillary 
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palps ;  a  stiff,  piercing  labrum ;  a  pair  of  serrated  mandibles, 
which  together  with  the  labrum  pierce  the  skin  of  the  host  and 
form  a  tube  through  which  the  blood  is  sucked ;  a  median 
labium,  situated  posteriorly  to  the  piercing  organs,  depending 
from  which  is  a  pair  of  labial  palps,  consisting  of  a  variable 
number  of  joints.  The  labium  and  the  palps  are  shaped  so 
that  they  can  sheathe  the  piercing  organs  and  form  the 
rostrum. 

The  head  is  armed  with  rows  of  bristles  directed  backwards. 
Some  forms  show  a  row  of  short,  stout  spines  on  the  lower  edge 
of  the  gena,  forming  the  genal  comb. 

The  three  sections  of  the  thorax  are  not  fused  together,  a 
rare  feature  in  insects.  The  pronotum  sometimes  bears  a 
row  of  stout  spines  similar  to  the  genal  comb  ;  this  is  the 
pronotal  comb.  The  presternum  is  pushed  forward  beneath 
the  head,  causing  the  front  pair  of  legs  to  appear  as  if  they 
sprung  from  the  head.  The  epimerum  of  the  metathorax  is 
strongly  developed  and  is  a  noteworthy  feature  of  the  group. 

The  abdomen  is  compactly  buUt  of  ten  segments.  The 
sternite  of  the  fibcst  segment  is  absent,  owing  perhaps  to  the 
great  development  of  the  epimerum  of  the  metathorax.  On 
the  dorsum  of  the  seventh  segment  may  be  one  or  more 
pairs  of  setae  known  as  the  antepygidial  bristles,  which  are 
used  in  taxonomy.  The  last  three  segments  are  modified  to 
form  the  sexual  apparatus.  The  eighth  segment  is  small  and 
may  be  telescoped  under  the  seventh.  The  ninth  segment 
bears  on  each  side  a  sensory  plate,  the  pygidium,  behind  which, 
in  the  male,  is'  a  pair  of  complex  claspers.  In  the  female  this 
is  replaced  by  a  conical  projection,  the  stylet,  which  bears 
upon  it  a  tuft  of  bristles.    The  tenth  segment  is  internal. 

Alimentary  canal.  The  pharynx  has  strong  muscles 
attached  to  it,  enabling  it  to  suck  up  blood  through  the  pro- 
boscis. Into  the  anterior  end  of  the  pharynx  a  tube  opens, 
through  which  a  secretion  passes  from  the  four  salivary  glands 
and  ducts.  Behind  the  pharynx  is  the  oesophagus,  communi- 
cating with  the  proventriculus,  a  somewhat  pear-shaped 
structure,  narrow  in  front  and  broad  posteriorly.  This  organ 
is  provided  internally  with  a  sohd  basket-work  of  chitinous 
rods,  directed  backwards.  It  functions  as  a  valve,  preventing 
the  contents  of  the  stomach  from  passing  in  a  forward  direction 
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when  the  pharynx  is  at  work.  At  the  posterior  end  of  the 
stomach  enter  the  four  Malpighian  tubules.  From  here  the 
short  intestine  leads  to  the  posterior  opening  of  the  alimentary 
canal ;  there  are  six  rectal  glands  attached  close  to  the  anus. 

The  nervous  system  is  primitive  in  type.  The  two  lobes  of 
the  supra-oesophageal  ganglion  are  distinctly  separated  and 
joined  to  the  two  lobes  of  the  sub-oesophageal  ganglion  by  a 
commissure  on  each  side  of  the  oesophagus.  There  follows  a 
chain  of  three  thoracic  and  seven  abdominal  ganglia,  the  first 
six  of  the  latter  being  all  the  same  size,  and  the  seventh  being 
larger. 

Reproductive  system.  In  the  female  there  are  eight  ovarian 
tubes  on  each  side.  The  spermathecse  are  U-shaped  and  well 
chitinized,  and  may  easily  be  seen  ia  cleared  preparations. 
The  male  has  a  pair  of  testes.    The  penis  and  sheath  are  com- 


FiG.  160.~-Pulicid  Larva.     (x  18.) 
(Based  on  Bacot  and  Xlidewood.) 


plex  and  curved  upwards  and  backwards,  strongly  chitinized 
and  easily  seen  in  cleared  preparations.  The  sexes  are  easily 
distinguished  by  the  shape  of  the  abdomen,  the  males  appearing 
to  be  turned  up  at  the  posterior  end,  the  pygidium  facing 
upwards  ;  in  the  female,  the  contour  of  the  last  few  segments 
curves  downwards,  the  pygidium  facing  backwards. 

Pleas  lay  their  eggs  in  the  neighbourhood  of  their  hosts — 
in  nests,  lairs  in  various  localities,  on  the  ground,  in  dwelling- 
houses,  etc.  The  eggs  are  smooth  and  white.  The  shell  is 
broken  open  by  the  larva  by  means  of  a  tooth-like  process  on 
the  head,  which  structure  disappears  after  the  first  moult. 

The  larva  is  white,  legless,  and  bears  long  bristles  on  the 
segments,  of  which  there  are  thirteen,  in  addition  to  the  head. 
It  is  very  active,  and  is  assisted  in  locomotion  by  a  pair  of 
downward-pointing  processes  on  the  last  segment.  It  feeds 
on  organic  debris,  which  includes  the  faeces  of  adult  fleas,  thus 
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aocountiiig  for  tke  presence  of  blood  in  the  intestine,  so  often 
observed.  The  internal  anatomy  closely  resembles  that  of 
the  adult,  but  there  are  no  rectal  glands.  The  pupa  is  free, 
and  is  found  uiside  a  cocoon  spun  by  the  larva  and  covered 
with  grains  of  sand,  etc. 

The  authority  on  systematics  is  Rothschild,  and  on  bionomics 
Bacot.    Their  many  works  should  be  consulted. 

Sarcopsyllidje. 

Chigoes,  Jiggers. 

Rostrum  long,  weakly  chitinized,  the  labial  palps  having 
but  one  or  two  segments  ;  the  genal  edge  of  the  head  produced 
downwards  behind  the  maxillae  into  a  triangular  process  ; 
the  thoracic  tergites  together  shorter  than  the  first  abdominal 
tergite  ;  eyes  always  present. 

Many  of  the  forms  in  this  family  remain  attached  to  the 
host  after  the  manner  of  ticks,  the  mouth-parts  being  directed 
more  or  less  forward.  The  mandibles  are  well  developed  and 
serrated  for  such  fixation,  the  labial  palps  lying  upwards  in 
this  position.  The  abdomen  of  the  female  swells  up  consider- 
ably, often  to  an  enormous  size.  In  those  forms  which  do 
not  attach  themselves  permanently  to  the  host,  the  labial  palps 
point  downwards  whUe  feeding. 

One  of  the  commonest  forms  is  DerTnatojpJiyllus  penetrans, 
a  native  of  Mexico,  West  Indies,  and  tropical  South  America. 
It  was  introduced  to  Africa  during  the  latter  half  of  the  nine- 
teenth century,  and  has  now  reached  Madagascar. 

PULIOIDjE. 

Fleas. 

Rostrum  well  chitinized  ;  the  labial  palps  with  at  least  four 
joints  ;  the  thoracic  tergites  together  longer  than  the  first 
abdominal  tergite. 

The  fleas  of  this  family  need  no  general  description,  being 
known  to  all  as  to  their  size,  shape,  colour  and  powers  of 
leaping  and  biting.    One  finds  them  everywhere. 
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This  group  contains  the  great  majority  of  the  mammalian 
and  avian  jEleas.  The  life-history  of  all,  so  far  as  is  known, 
runs  more  or  less  on  the  same  lines. 

The  eggs  are  laid  in  the  neighbourhood  of  the  host,  in  its 
lair  or  in  its  nest.  The  incubation  period  may  last  some  days, 
say  from  two  to  ten.  The  active  larval  stage  is  very  variable. 
Bacot  (1914)  gives  the  following  figures  :  Ceratophyllus  fasciatus 
(the  cat-flea),  15-114  days;  Pulex  irriians  (the  human  flea), 
9-202  days  ;  Xenopsylla  cheopis  (the  rat-flea),  12-84  days ; 
Ctenocephalus  canis  (the  dog-flea),  11-142  days.  Cold  has 
considerable  ejffect  in  protracting  the  active  life,  but  this  author 
points  out  that  the  individual  variations  in  longevity  from 
the  same  batch  of  eggs  is  very  marked. 

When  the  cocoon  is  spun  there  is  a  resting  stage  in  the  larval 
condition  before  pupation,  and  there  may  also  be  an  imaginal 
resting  stage  before  emergence.  Bacot  (ibid.),  gives  the  follow- 
ing figures  for  the  total  duration  from  spinning  the  cocoon  to 
emergence  :  P.  irritans,  7-239  days  ;  X,  cheopis,  7-182  days  ; 
Ct.  canis,  7-354  days.  The  cocoon  is  a  protection  both  against 
drought  and  against  wet.  The  same  authority  gives  the 
following  figures  for  maximum  longevity  in  the  adult :  C, 
fasciains,  106  days  (fed),  95  days  (unfed) ;  P.  irriians,  513  days 
(fed),  125  days  (unfed) ;  X.  cheopis,  100  days  (fed),  38  days 
(unfed) ;  Ct,  canis,  234  days  (fed),  58  days  (unfed.)  Thus  the 
total  length  of  life  from  the  egg  to  the  death  of  the  adult  may 
be  several  months,  even  if  the  adult  can  get  no  food. 

As  a  rule  fleas  prefer  one  species  of  host  to  feed  on  ;  but  in 
case  of  necessity,  or  for  some  other  reason,  they  may  suck  the 
blood  of  others.  Pulex  irriians,  besides  being  the  natural 
parasite  on  man,  apparently  occurs  naturally  on  badgers  in 
Europe  and  on  skunks  in  North  America  as  well. 

The  economic  importance  of  the  family  lies  in  the  ability 
of  the  rat-flea,  Xenopsylla  cheopis,  to  transmit  plague  from  rats 
to  man  and  from  man  to  man.  For  a  long  time  there  was 
much  speculation  as  to  the  mechanism  of  infection.  It  was 
at  length  found  that  after  the  flea  had  taken  in  plague  bacilli 
with  the  blood,  a  solid  plug  of  culture  of  the  germs  gradually 
formed  in  the  proventriculus.  When  next  attempting  to  suck 
blood  the  flea,  of  course,  was  unable' to  do^so,  and  its  frantic 
efforts  to  appease  its  hunger  forced  a  little  of  the  culture 
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through  the  mouth  and  into  the  wound.  According  to  Hall 
(1915)  Ct.  canis  and  P.  irritans  may  also  transmit  plague. 

Besides  plague,  Laveran  and  Nicolle  (1913)  regard  as  proven 
that  both  P.  irritans  and  CtenocepJialus  serraticeps  transmit 
Leishmania  infantum,  the  parasite  of  Kala-azar,  to  children 
and  dogs  in  the  Mediterranean  region.  The  tapeworm  Dipy- 
lidium  caninum  is  carried  by  Ct.  canis. 

EchidnopJmga  gallinacea  is  another  pest,  the  host  being  the 
domestic  fowl.  Known  as  the  ' '  sticktight  "  flea,  it  is  more 
stationary  in  habit  than  those  previously  mentioned.  The 
females,  having  once  plunged  their  mouth-parts  into  the  host, 
remain  fixed  in  that  position.  The  males  are  more  restless 
and  move  about  from  time  to  time.  Both  sexes  favour  the 
head  region.  According  to  Illingworth  (1916),  the  length  of 
the  life-cycle  is  three  to  four  weeks.  The  same  authority 
found  that  the  imago  might  live  from  eight  to  thirty  days 
without  a  host ;  on  the  other  hand,  if  removed  from  a  bird 
after  a  feed,  it  succumbed  quickly.  No  eggs  are  laid  until 
blood  has  been  consumed. 

Fleas  are  difficult  to  deal  with ;  on  animals  a  mineral  oil 
emulsion  is  best  or  the  powdered  root  of  the  Sweet  Flag  (Acorus 
calamus),  which  has  a  specific  action  on  fleas  (fde  Listen).  For 
clearing  buildings,  washing  down  with  miscible  mineral  or  tar 
oil  is  possible  or  fumigation  with  hydrocyanic  acid  gas. 

CERATOPSYLLID-ae. 

Head  with  a  flap  on  each  side  of  the  frontal  oral  corner  ; 
often  with  a  comb  on  the  abdomen. 

The  species  have  been  described  by  Rothschild  and  others, 
but  there  do  not  appear  to  be  any  records  of  their  bionomics. 


HYMENOPTEEA 


Two  pairs  of  wings  of  almost  equal  size,  hyaline  and  with 
few  veins  ;  mouth -parts  always  provided  with  mandibles, 
the  maxillae  and  labium  usually  formed  into  a  lapping  tongue. 
Metamorphosis  complete. 

The  colour  scheme  in  the  Hymenoptem  is  very  varied. 
Warning  colours  predominate  in  the  Aculeata,  such  as  wasps, 
hornets,  bees,  etc.,  the  colours  there  being  usually  black 
combined  with  bands  and  spots  of  red  or  yellow. 

Many  harmless  forms  also  exhibit  these  colours ;  8irex 
gigas,  a  large  insect  conspicuously  banded  with  yellow  and 
black,  is  a  good  example.  There  are  numbers  of  harmless 
saw-flies  and  Ichneumons  which  have  a  similar  colour  scheme. 
Aggressive  mimicry  is  well  developed  in  some  forms  :  Psiihyrus 
rupestris,  a  cuckoo-bee,  bears  an  extraordinary  resemblance  to 
its  host  Bombus  lapidarius,  the  colour  and  size  of  the  two  bees 
being  almost  identical. 

On  the  other  hand,  the  slender,  wasp-like  Nomada  ruficornis — 
another  cuckoo-bee  which  lives  at  the  expense  of  Andrena 
fulva — bears  not  the  slightest  resemblance  to  its  host,  which 
is  covered  all  over  with  a  thick  coat  of  orange-brown  hairs. 

Metallic  colours  are  found  in  many  of  the  Chrysidce,  Ves- 
poidea,  Spheooidea,  and  Chalcidoidea.  Cryptic  colours  are 
seldom  to  be  seen,  as  few  birds  or  insectivorous  mammals  care 
to  attack  Hymenoptera. 

The  size  varies  considerably ;  some  of  the  Mymaridce  (Chaloi- 
doidea)  are  among  the  smallest  insects  known,  many  being  Isss 
than  1  mm  long.  The  largest  Hymenoptera  seldom  exceed 
two  inches  in  length ;  this  measurement,  of  course,  excludes 
Pelecinm,  which,  though  small,  has  an  abnormally  long 
abdomen,  and  also  those  Ichneumons  which  possess  ovi- 
positors some  four  inches  long. 

Hymenoptera  are  with  few  exceptions  diurnal  insects ; 
Ophion  luteus  (Ichneumonidce)  often  comes  to  light,  as  also  do 
some  winged  ants.    The  hornet  (Vespa  crabro)  remains  active 
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after  dusk  and  patronizes  the  Lepidopterist's  sugar  "  patches, 
much  to  the  annoyance  of  collectors,  and  in  the  tropics 
Xylocopa  works  by  moonlight.  The  Hymenoptera  are  dis- 
tributed throughout  the  temperate  and  tropical  regions  of  the 
world.  In  many  cases  the  European  fauna  is  greater  than  that 
of  the  tropics.  Some  Tenthredinidce  have  been  recorded  from 
Spitzbergen,  an  island  well  within  the  Arctic  circle. 

The  head  is  moderately  large,  free  from  the  thorax  and 
fairly  mobile  •  the  mandibles,  which  are  always  present,  vary 
la  shape,  but  are  usually  toothed ;  in  many  bees  they  are 
spatulate  and  form  excellent  organs  for  moulding  wax,  mud, 
etc.  The  maxillae  are  sheath-like,  consisting  of  a  basal  portion 
(stipes)  and  an  apical  outer  lobe  (galea) ;  the  inner  lobe  of  the 
maxilla  (lacinia)  tends  to  become  obsolete.  The  maxUlary 
palp  is  usually  well  developed,  being  two-  to  six-jointed. 

The  labium  is  a  somewhat  complicated  organ,  though  the 
essential  parts  can  be  readily  traced ;  this  organ  reaches  its 
highest  development  in  the  bees.  There  is  a  long  hypopharynx, 
sometimes  bilobed,  flanked  by  the  outer  lobes  of  the  labium 
(paraglossae).  On  the  outer  side  of  the  paraglossae  lie  the 
labial  palps,  which  are  usually  four-jointed ;  the  inner  lobes 
of  the  labium  are  frequently  vestigial  or  absent. 

Compound  eyes  and  three  ocelli  are  generally  present  in 
the  adult  Hymenoptera.  The  ocelli  are  absent  in  female 
MutilUdce,  and  eyes  are  altogether  wanting  in  some  worker 
ants,  the  male  Blastophaga  (Chalcidoidea)  and  larvse  of 
Petiolata. 

The  antennae  are  of  moderate  length  and  often  elbowed, 
i.e.  with  a  long  basal  joint  (scape),  the  flagellum  or  remaining 
joints  being  each  much  shorter  and  proceeding  at  an  angle 
to  the  scape.  The  antennae  are  usually  filiform,  but  the  males 
of  Lophyrus  (Tenthredinidce)  have  feathered  antennae  not 
unlike  those  of  male  Saturniid  moths.  Some  remarkable 
antennae  are  to  be  found  in  the  Chalcidoidea. 

The  wings,  four  in  number,  have  no  scales,  though  small 
hairs  are  frequently  present ;  the  number  of  nervures  and  cells 
varies  enormously.  In  most  of  the  Hymenoptera  there  is  a 
small  pigmented  area  on  the  costal  margin  termed  the 
stigma.  The  hind-wings  are  connected  to  the  fore-wings  by 
a  series  of  hooks  which  catch  on  to  a  fold  in  the  inner 
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margin  of  the  fore- wings.  Not  infrequently  wings  are 
absent  or  vestigial  in  one  or  both  sexes. 

The  legs  are  of  the  normal  running  type,  but  a  few  remark- 
able modifications  are  to  be  found  ;  the  anterior  tarsi  in  the 
Dryinidce  form  a  pincer  in  the  female,  and  the  basal  tarsal 
joints  of  the  posterior  pair  of  legs  in  the  Apoidea  are  expanded 
to  form  a  pollen  basket. 

The  trochanters  are  often  divided  in  the  Serphoidea  and 
Ichneumonoidea. 


Fig.  161. — Single  and  Double  Trochanters, 
(a.)  =  leg  of  Vespid.   (6.)  =»  teg  of  Ichneumonid. 


The  thoracic  segments  are  large  and  somewhat  complicated  ; 
the  prothorax  frequently  extends  back  to  the  tegulae ;  this 
character  is  very  important  and  is  largely  used  in  classification. 
The  most  remarkable  feature  in  the  thorax  is  the  ''median 
segment  "  or  "  propodeon  ;  this  is  really  the  first  abdominal 
segment  of  the  larva,  but  in  the  adult  has  become  part  of  the 
thorax.  The  point  of  attachment  of  the  first  abdominal 
segment  (really  the  second  abdominal  segment)  to  the  median 
segment  is  used  for  classification  purposes. 
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The  abdomen  is  of  various  shapes  and  frequently  very 
flexible.  The  number  of  segments  varies,  but  in  the  Aculeata 
there  are  six  in  the  female  and  seven  in  the  male. 

The  males  can  always  be  distinguished  from  the  females 
by  the  absence  of  the  ovipositor  ;  this  organ  may  take  the 
form  of  a  saw,  a  sting,  or  a  simple  styliform  ovipositor.  The 
ovipositor  is  formed  from  the  gonapophyses  of  the  eighth 
abdominal  segment  and  one  gonapophysis  of  the  ninth 
abdominal  segment.  The  sting  itself  consists  of  two  barbed 
darts  which  can  slide  up  and  down  within  a  sheath  ;  when  the 
sting  is  employed  both  darts  and  sheath  penetrate  the  skin, 


IW 

Fig.  162. — ^Diagram  of  Thorax  of  Veapa  to  show  Median  Segment. 

Pro.  =  pronotnm.  Meao.  »  mesonotTim.  Meta.     metanotmn.  S(nd,  scutellum. 
MS.  =  median  segment.  Teg.  «=  tegula.  IW  =  Insertion  of  wings.  H  =  head. 

the  former  being  driven  deeper  into  the  wound ;  at  the  same 
time  poison  from  the  poison  sac  runs  down  grooves  in  the 
darts  and  enters  the  wound. 

In  many  bees  the  eyes  of  the  male  are  very  large  and  meet 
on  the  vertex,  and  in  most  of  the  Acvleaia  the  antennae  of  the 
female  are  twelve-jointed,  those  of  the  male  being  thirteen- 
jointed. 

In  the  male  the  appendages  of  the  ninth  and  tenth  abdominal 
segments  constitute  what  is  known  as  the  genital  armature. 
This  apparatus  consists  of  two  pairs  of  forceps,  each  attached 
to  a  basal  portion ;  the  outer  pair  are  called  the  stipites  (sing, 
stipes)  and  are  attached  to  the  cardo.   The  ioner  pair  or 
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sagittce  are  correspondingly  attached  to  the  spatha ;  in  the 
Vespidce  and  Eumeniace  the  sagittse  are  generally  united. 
The  characters  of  the  male  genitalia  are  extensively  used 
for  the  determination  of  species,  especially  among  the 
Aculeates. 

For  further  information  see  Saunders's  article  on  the  Terminal 
Segments  of  Aculeate  Hymer.optera,  Trans,  Ent  Soc,  London 
(1884). 

The  alimentary  canal  is  of  the  normal  type.  The  queens 
and  workers  of  the  social  forms  have  the  power  of  regurgitating 
honey,  animal  juices,  etc. ,  from  the  crop  in  order  to  feed  their 
young.  The  nervous  system  is  well  developed,  especially  in 
wasps,  bees,  and  ants.  There  are  two  large  cephalic  ganglia 
and  two  or  three  thoracic,  the  abdominal  ganglia  being  two 
to  seven  in  number.  Tenthredinid  larvae  have  seven  abdominal 
ganglia,  and  the  larvae  of  Apoidea  have  eight. 

In  the  imago  the  hive-bee  (Apis)  has  five  abdominal  ganglia 
in  the  worker,  the  queen  and  male  having  only  four  ;  Bombus 
workers  and  queens  have  six,  the  male  five ;  Vespa  workers 
have  five,  the  males  and  queens  six. 

The  tracheal  system  is  normal ;  the  position  of  the  spiracles 
is  sometimes  used  in  the  classification  of  the  parasitic  Hymenop- 
tera.  In  many  forms,  especially  Apoidea,  there  is  an  air  bladder 
in  the  abdomen,  the  expanded  main  tracheal  trunk. 

Salivary  glands  are  usually  well  developed ;  they  are  used 
by  the  larvae  for  the  production  of  silk  for  the  cocoon,  and  by 
some  adult  forms  (Vespidce,  etc)  for  the  secretion  of  a  cement 
for  strengthening  the  nesting  materials.  The  spinnerets  in 
the  larvae  of  Tenthredinidce  are  situated  in  the  labium. 

In  some  Apoidea,  wax  is  secreted  on  plates  on  the 
abdominal  segments  by  unicellular  glands;  these  glands 
reach  their  highest  development  in  the  hive-bee  (Apis 
mellifica). 

The  reproductive  system  is  complex ;  the  number  of  egg- 
tubes  in  the  female  on  each  side  varies  considerably.  Digger- 
wasps  have  only  three  egg-tubes,  whereas  Apis  has  about  five 
hundred.  Sperm  athecae  are  present  and  are  well  developed 
in  those  insects  which  pair  in  the  autumn  and  pass  the  winter 
in  a  state  of  inactivity. 

A  full  account  of  the  anatomy,  both  internal  and  external 
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of  the  hive-bee  is  contained  in  Cheshire's  Bees  and  Bee-keeping, 
2  vols. 

The  eggs  are  rather  elongate  on  the  whole,  and  in  some  cases 
are  stalked.  In  the  digger  wasps  "  and  the  Eumenidce  the 
stalk  is  short,  the  egg  being  suspended  from  the  roof  of  the 
cell ;  in  Biorhiza  apiera  (Cynipidce)  the  stalk  is  long,  though 
the  purpose  of  the  stalk  in  this  case  is  somewhat  obscure. 
The  number  of  eggs  laid  by  an  individual  female  varies 
immensely.  The  "  digger  wasps  "  only  lay  about  thirty  eggs, 
while  in  the  other  extreme  Vespa  lays  about  20,000  per  annum. 

Polyembryony,  i.e.  the  production  of  several  larvae  from  one 
egg,  is  known  to  occur  in  one  family  of  the  Chalcidoidea,  The 
form  of  the  larvse  varies  considerably.  The  larvse  of  the 
Tenthredinidce,  which  usually  feed  openly  on  plants,  bear 
a  great  resemblance  to  Lepidopterous  caterpillars  in  being 
cylindrical,  thirteen-segmented  and  provided  with  three  pairs 
of  thoracic  legs  and  a  number  of  transitory  pro-legs  on  the 
abdominal  segments.  The  larvae  of  the  Cephidce  and  Siricidce 
are  also  free-living,  but  feed  in  the  stems  of  plants  or  in  solid 
timber  where  eiSicient  organs  of  locomotion  are  not  an  essen- 
tial factor  for  their  development.  In  the  Petiolaia,  however, 
the  larvse  are  vermiform  and  comparatively  helpless,  being 
dependent  for  food  on  a  gall  formation,  the  tissues  of  a  host, 
or  food  brought  or  stored  by  the  parent  insects.  These  larvae, 
though  legless,  have  a  distinct  head  and  mouth-parts.  When 
mature  the  larvae  in  most  cases  spin  a  silken  cocoon  in  which 
to  pupate ;  many  larvae  of  Cynipidce  do  not  spin  a  cocoon, 
but  pupate  in  the  cavity  of  the  gall.  The  pupae  are  free, 
i.e.  the  legs,  wings,  and  antennae,  though  covered  with  the 
pupal  skin,  hang  free  from  the  rest  of  the  body. 

The  food  of  both  larvae  and  adults  is  also  extremely  varied ; 
the  following  table  will  show  the  food  habits  of  some  typical 
Hymenopiera  in  the  larval  and  adult  stages  : 


Larva,  Imago, 


Cephidce 
Tenthredinidce 


Stem-borer  .  .  Visits  flowers. 
Leaves,  fruit,  etc.        .    Pollen,  some 


carnivorous. 


Siricidce 
Cynipidce 


Wood 


Galls — some  parasitic  .    Visits  flowers. 
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Larva,  Imago, 

Chalcidoidea  .       .  Parasitic  (some  eat  seeds)  — 

Ichneuononidce        .  „         ...  Visits  flowers. 

Mutillidce      .        .  .        .  . 

ScoUidce,  Sphecoidea,  Paralysed  insects  stored 

Pompilidce  by  parent        .       .  „ 

Vespidce        .        .  Plant  juice  and  insects  Same  as  larva. 

Apoidea  (some)      .  Honey  and  pollen        .  „  „ 

Formicidce     .       .  Omnivorous       .       .  „ 

The  Tenthredinidce,  Cephidce,  and  Siricidce  hibernate  as 
full-fed  larvae,  though  many  Siricidce  take  more  than  one 
year  to  complete  their  development.  The  CynipidcR  usually 
remain  as  larvae  in  the  galls,  but  one  species,  Biorhiza  aptera, 
actually  emerges  in  November.  Most  of  the  parasitic  and 
aculeate  Hymenoptera  hibernate  as  adults  ;  the  female  sex 
alone  is  often  the  survivor,  the  males  dying  off  in  autumn. 
Both  sexes  of  Andrena  {Apoidea)  hibernate  in  the  larval 
•burrow ;  though  they  actually  emerge  from  the  pupa  in 
autumn,  the  insects  do  not  fly  till  April. 

Very  few  birds  will  eat  Hymenoptera,  with  the  exception  of 
the  cuckoo,  a  bird  which  apparently  delights  in  such  unpalat- 
able insects  as  Tenthredinid  larvae  and  hairy  Lepidopterous 
caterpillars.  The  Aculeaia  are  usually  left  alone  for  obvious 
reasons. 

Many  of  the  Sessilivenires  are  attacked  by  the  hosts  of 
parasitic  Hymenoptera,  which  in  turn  suffer  from  hyper- 
parasites. 

Dalla  Torre  has  catalogued  the  known  species  in  Catalogus 
Hymenopterorum,  1892-1902.  Most  of  the  families  have  been 
monographed  in  Genera  Insectorum,  chiefly  by  Konow,  Eaeffer, 
Dalla  Torre,  and  Szepligeti. 

There  are  about  4,000  species  recorded  from  Britain ; 
Saunders  has  described  the  British  AcuUata  (Trans,  Ent.  Soc, 
London,  1880,  1882,  1884). 

The  Hymenoptera  do  not  contain  many  serious  pests ;  the 
Sessilivenires,  Phytophagous  Chalcidoidece  and  some  Formicidce 
are  the  main  groups  on  the  black  list.  On  the  other  hand, 
there  are  numerous  beneficial  insects  ;  these  are  the  Parasitic 
Hymenoptera,  which  destroy  enormous  numbers  of  caterpillars 
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and  apMdes,  and  the  "  digger  wasps  "  and  Humenidce,  wliieli 
catch  various  kinds  of  insects  for  their  young. 

The  social  wasps  (Vespidce)  also  destroy  large  numbers  of 
caterpillars  and  flies,  but  are  sometimes  troublesome  when 
they  turn  their  attention  to  ripe  fruit.  A  few  tropical  species 
of  ants  are  useful  in  clearing  houses  of  Termites,  rats,  and 
other  vermin.  Among  the  most  useful  of  insects  are  the 
flower-visiting  bees,  as  they  probably  pollinate  more  flowers 
than  all  the  other  flower-visiting  insects  put  together. 

Finally  there  is  the  hive-bee  {Apis  mellifica),  which  furnishes 
mankind  with  both  honey  and  wax. 

The  classification  of  the  Hymenoptera  has  been  undergoing 
radical  changes  recently,  ten  super-families  or  groups  having 
been  formed.  Under  the  old  scheme  of  classification  the 
Petiolata  were  divided  into  three  groups,  viz.  :  Parasitica, 
Tubulifera  {Chrysidce  only),  and  Aculeata,  The  Parasitica  was 
not  a  natural  group  ;  they  were  not  all  parasitic  in  habits,  as 
they  contained  the  Cynipidce  and  of  course  the  Phytophagous 
Chalcids.  Moreover  the  structural  characters  of  the  Parasitica 
vary  inter  se  to  a  considerable  extent. 

The  old  terms  Sessilivcnires  and  Petiolata  will  be  retained 
here,  as  they  form  two  very  sharply  defined  divisions  of  the  order. 

The  Hymenoptera  may  now  be  classified  as  follows  : 

A.  SESSILIVENTRES. 

No  marked  constriction  at  the  base  of  the  abdomen. 
Thorax  and  abdomen  approximately  equal  in  breadth. 

Super-family  or  Gfroup  7.  Tenthredinoidea. 

Diagnosis  as  for  Sessiliventres.  Four  Families — 
Cephidce,  Siricidce^  Oryssidce,  Tenthredinidce, 

B,  PETIOLATA. 

Deep  constriction  at  base  of  first  abdominal  segment 
(apparently  first  abdominal  segment)  conspicuously 
separating  the  abdomen  from  the  thorax. 

II.  Cynipoidea. 

Body  laterally  compressed.  Trochanters  undivided  ; 
stigma  absent,  wings  and  tegulse  sometimes  absent. 
One  Family — Cynipidce. 
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III.  Serphoidea. 

Small.  Usually  winged,  but  venation  reduced.  First 
abdominal  segment  not  elbowed.  Two  Families — 
Proctoirypidce,  Pekcinidce. 

IV.  Chalcidoidea . 

Small  insects  ;  antennae  elbowed.  Usually  winged ; 
wings  with  usually  only  one  longitudinal  nervure. 
Pronotum  not  reaching  tegulae  ;  ovipositor  not  terminal. 
rreq[uently  metallic.    Twenty  Families — (see  p.  491). 

V.  Ichneumonoidea. 

Trochanters  usually  divided.  First  abdominal  seg- 
ment elbowed.  Cutting  edge  of  mandibles  turned 
outwards,  their  tips  usually  neither  meeting  nor  over- 
lapping when  the  mandibles  are  flexed  towards  the 
mouth.  Five  Families — Ichneumonidce,  Braconidce, 
Et'aniidce,  Sicphanidce,  TrigoTiOlidce. 

VI.  Chrysidoidea, 

Hairs  simple,  not  branched  or  plumose.  Abdomen 
with  three  segments  visible  from  above ;  segments 
beyond  third,  hidden.    One  Family — Ghrysidce, 

VII.  Vespoidea. 

Wings  usually  well  developed.  Hairs  simple.  Prono- 
tum reaching  tegulae.  Trochanters  undivided.  Cutting 
edge  of  mandibles  turned  inwards,  their  tips  meeting 
or  overlapping  when  mandibles  are  flexed  towards  the 
mouth.  Ten  Families — Bethylidce,  Dryinidce,  Scoliidce, 
Sapygidce,  Mutillidce,  Thynnidm,  Pompilidfe,  Eumenidce, 
Vespidce,  Masaridce, 

VIII.  Sphecoidea. 

Pronotum  not  reaching  tegulae  ;  posterior  legs  short. 
Fourteen  Families — (see  p.  513). 

IX.  Apoidm. 

Dorsal  hairs  branched  or  plumose.  Hind  tarsi 
dilated.    Sevenleen  Families — (see  p.  516). 
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X.  Formicoidea. 

First  abdominal  segment  (sometimes  also  the  second) 
forming  a  knot  or  scale  strongly  differentiated  from 
the  remaining  abdominal  segments.    One  Family — 

Formicidce. 

Groups  VII,  VIII5  IX,  and  X  constitute  the  old  division 
Aculmta. 

Group  I.  TENTHREDINOIDEA 

All  the  families  in  this  group  constitute  the  Sessiliventres 
and  may  at  once  be  distinguished  from  all  other  Hymenoptera 
by  the  broad  attachment  of  the  abdomen  to  the  thorax.  Four 


Fig.  163. — ^Larva  of  Tenthredinid  (NemaPus  rihesii). 


families  will  be  dealt  with  in  this  work,  though  many  sub- 
famihes  have  been  raised  to  family  rank ;  however,  as  these 
four  families  are  very  distinct,  both  in  structure  and  habits, 
it  wiU  not  be  necessary  to  study  their  sub-families. 

With  one  exception  {Oryssidce)  the  members  of  this  group 
are  phytophagous  in  the  larval  state,  and  of  considerable 
economic  importance. 

The  Tenthredinoidea  are  widely  distributed  aU  over  the 
world,  but  are  more  abundant  in  temperate  regions  than  in 
the  tropics. 

Cephid^. 

Stem  Saw-flies. 

Prothorax  long,  free  ;  fore  tibiae  with  one  spine.  Ovi- 
positor short,  external. 

Cephidce  are  widely  distributed  throughout  the  temperate 
regions ;  they  have  been  found  in  North  America,  Mexico, 
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Japan,  Britain,  Sweden,  and  the  Continent  from  Spain  to 
Russia. 

Stem  saw-flies  are  rather  slender,  fragile  insects,  usually 
blackish,  marked  with  yellow  bands  and  spots.  The  wings  are 
iridescent  in  the  male  and  dull  in  the  female.  The  antennae  are 
eighteen-  to  thirty- jointed,  the  first  two  joints  being  short  and 
thick,  the  remainder  slender,  but  gradually  thickening  towards 
the  apex.  The  mouth-parts  are  rather  weak  ;  the  labium  is 
three-lobed  and  bears  a  four-jointed  palp.  The  maxillary 
palpi  are  six- jointed. 

The  female  deposits  her  eggs  by  means  of  her  ovipositor  in 
the  stems  of  wheat,  grass,  etc.  The  egg  hatches  in  about  a 
week  to  an  elongate  footless  maggot  which  at  once  commences 
to  tunnel  up  and  down  inside  the  stem  till  mature,  when  it 
burrows  down  to  the  lowest  part  of  the  stem  and  spins  a  silken 
cocoon  in  which  it  passes  the  winter.  The  larva  pupates  in 
spring,  the  adult  flies  emerging  in  June,  when  they  may  be  seen 
frequenting  Umbelliferous  flowers. 

Besides  grasses  and  wheat,  Cephidce  have  been  bred  from 
oak,  willow,  reeds,  and  brambles. 

Ichneumons  have  been  recorded  as  parasitizing  Cephidce, 
but  not  to  cause  any  appreciable  reduction  in  their  numbers. 

Cameron  has  dealt  with  the  British  species  in  his  Monograph 
of  the  British  Phytophagous  Hymenoptem,  published  by  the 
Ray  Society  in  1890.  The  Cephidce  have  also  been  mono- 
graphed by  F.  W.  Konowin  Genera  Insectormri,'Fa.BQ.  27  (1905). 

There  are  nine  British  species  recorded,  but  only  about  two 
are  common. 

Stem  saw-flies  do  considerable  damage  to  wheat  in  America 
and  on  the  Continent.  The  most  destructive  species  are 
Cephus  pygmfjeus  in  Europe  and  Cephus  occidentalis — the 
"  Western  Grain  Saw-fly  " — ^in  U.S.A.  and  Canada. 

The  damage  is  done  by  the  larvae  tunnelling  in  the  stems, 
with  the  result  that  the  ears  bear  few  grains.  A  slight  wind 
is  quite  sufficient  to  break  the  stems  of  wheat  when  they 
are  infested  with  larvae. 

The  control  measures  usually  adopted  are : 

1.  Burning  the  stubble  after  the  corn  has  been  cut,  so  as 
to  destroy  the  larvae  in  the  lowest  part  of  the  stalk. 

2.  Deep  ploughing,  to  destroy  the  hibernating  larvae. 

1 1 
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3.  After  harrowing,  collecting  the  stubble  in  heaps  and 
burning  it. 

Cephus  pygmceus  does  not  do  much  damage  in  Britain,  but 
on  the  Continent  it  is  regarded  as  a  serious  pest. 

SlRICIDJE. 

Wood-borers,  Wood-wasps. 

Ovipositor  long.  Anterior  tibiae  with  one  spur  ;  integu- 
ment hard  and  strong. 

Siricidce  are  widely  distributed,  being  found  in  Europe, 
North  America,  India,  Malay  Archipelago,  and  South  America. 

These  insects  are  usually  large  and  thick-set ;  they  are  black 
or  metalHc,  sometimes  banded  and  marked  with  yellow.  The 
head  is  globular  in  shape  ;  the  antennae  are  moderately  long, 
filiform,  and  inserted  between  the  eyes.  The  mandibles  are 
strong  and  tridentate.  The  prothorax  is  well  developed  and 
the  mesothorax  has  a  transverse  line  in  front  of  the  scutel- 
lum.  The  females  are  provided  with  a  strong  projecting 
ovipositor. 

The  eggs  of  Sircx  are  laid  in  the  wood  of  various  coniferous 
trees,  especially  larch,  pine,  and  spruce.  The  larvse,  which 
are  cylindrical  and  yellowish-white  in  colour,  bore  galleries 
through  the  solid  wood.  When  mature,  they  pupate  at  the 
end  of  a  gallery  close  to  the  outer  surface,  so  that  the  imago 
may  readily  force  its  way  to  the  exterior  of  the  tree. 

Rhyssa  persnasoria  (Ichricumonidce)  is  parasitic  on  the 
larvae  of  Sirex  in  Britain.  By  some  unknown  means  the 
parasite  locates  the  burrow  of  its  host  in  the  wood  and  thrusts 
its  slender  ovipositor  through  the  soHd  timber. 

The  Siricidce  have  been  monographed  by  E.  W.  Konow, 
in  Genera  Insectorum,  Ease.  28  (1905),  and  the  British  species 
by  Cameron  (see  Cephidce). 

There  are  four  British  species — Sirex  gigas,  S.  juvencus,  and 
two  species  of  Xiphydria.  Several  Conthiental  and  American 
species  have  been  recorded  in  Britain,  but  have  probably  been 
imported  in  timber  and  furniture. 

It  may  be  mentioned  here  that  Xiphydria  and  allied  genera 
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have  been  placed  in  a  separate  family — Xiphydriidce.  Here, 
however,  they  are  retained  in  Siricidce. 

Sirex  is  not  sufficiently  common  in  Britain  to  cause  any 
serious  damage,  but  on  the  Continent  the  damage  to  the  pine 
forests  is  very  serious.  It  is,  moreover,  a  very  difficnlt  pest  to 
control.  Fallen  trees  should  be  removed  and  burnt,  as  they 
are  often  infested  with  larvae.  The  exit  holes  made  by  the 
insects  will  afford  a  ready  means  of  determining  whether  a 
tree  is  attacked  or  not. 


Oryssib^. 

Antennae  placed  below  level  of  the  eyes  and  immediately 
over  the  mandibles.  Anterior  tarsi  three -jointed  in  the 
female  and  five -jointed  in  the  male.  Front  tibise  with  one 
spur  ;  mandibles  without  teeth  ;  female  with  ovipositor. 

At  present  very  little  is  known  of  the  habits  of  Oryssidce, 
but  it  has  been  proved  that  Oryssus  occidentalis  is  parasitic 
on  the  larvae  of  wood-boring  Bu^rtsiidce. 

Oryssus  aMeiir.ns  is  the  only  species  which  is  found  in 
England,  but  it  is  very  rare. 

The  family  has  been  monographed  in  Oenera  Insectomm, 
Pasc.  28,  by  F.  W.  Konow  ;  evidence  of  the  parasitic  habits 
of  Oryssus  appeared  in  the  Proceedings  of  the  Eniomological 
Society  of  Washington,  vol.  XIX  (1917),  by  Burke  and  Eohwer. 

TENTHREBINriD  jE. " 

Saw-flies. 

Pronotum  small.  Anterior  tibiae  with  two  spurs.  Female 
provided  with  a  saw. 

This  is  a  widely  distributed  group,  being  found  in  nearly 
every  quarter  of  the  globe,  but  they  are  more  commonly  found 
in  the  northern  temperate  regions  than  in  the  tropics.  Several 
species  have  been  recorded  from  Iceland  and  Spitzbergen. 

Saw-flies  are  moderate-sized  insects,  rather  heavily  built. 
The  abdomen  is  broadly  attached  to  the  thorax.    The  antennae 
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are  three-  to  forty-jointed.  The  ovipositor  of  the  female  takes 
the  form  of  a  saw,  and  is  usually  concealed.    The  mandibles 

are  short  and  thick;  the 
maxillae  have  two  lobes  and 
a  six-jointed  palp  ;  the  labial 
palps  are  four- jointed.  The 
wings  are  frequently  iride- 
scent or  smoky ;  in  one 
species  the  female  is  apter- 
ous. 

The  eggs  are  laid  in  the 
tissues  of  the  food-plant, 
either  in  the  leaf  or  in  the 
petiole.  The  larvae  hatch 
out  and  rapidly  devour 
the  leaves.  Some  species 
make  galls,  notably  Nematus 
gallicola  on  willow  leaves,  others  are  leaf-miners,  but  the 
majority  of  saw-fly  larvae  feed  openly  on  the  leaves  after  the 


Fig.  164. — Tenihredinidas- 
Saw-fly. 


-Saws  of  a 


Fia.  165. — Tenthredo  mesomelus.    (x  3.) 

manner  of  Lepidopterous  larvae.  Saw-fly  larvae  differ  from 
Lepidopterous  caterpillars  by  possessing  six  to  eight  pairs 
of  pro-legs,  whereas  caterpillars  never  have  more  than  five 
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pairs.  Wlien  mature,  the  larvae  usually  burrow  into  the  soil 
and  spin  silken  cocoons  in  which  they  pupate.  There  are 
frequently  two  broods  produced  in  the  year,  but  the  winter 
is  always  passed  in  the  larval  stage  in  the  cocoon  and  not 
as  pupae.  The  adult  flies  appear  in  June,  and  where  there  is 
a  second  brood,  in  July  and  August.  Many  species  are  pollen- 
feeders,  but  others  are  carnivorous,  especially  those  belonging 
to  the  genus  Tenihredo.  Parthenogenesis  often  occiurs,  males 
or  females,  or  more  rarely  both  sexes,  being  produced  from 
unfertilized  eggs. 

The  larvae  of  Tenthredinidce  are  frequently  parasitized  by 
Tachinidce^  Ichneumonidce^  and 
Chalcidce.  Many  species  are 
distasteful  to  birds,  but  cuckoos 
have  been  observed  to  feed  on 
the  larvae  of  Nematus  ribesii. 
This  species  is  also  attacked 
by  wasps  (Vespa). 

The  Tenthredinida^  have  been 
monographed  in  Genera  Inseci- 
orum,  Fasc.  29  (1905),  by  F.  W. 
Konow,  and  the  British  species 
have  been  described  by 
Cameron. 

There  are  about  2,000  species 
known,  of  which  nearly  400 
are  found  in  Britain. 

The  economic  importance  of 
the  Tenthredinidce  is  consider- 
able ;  the  larvae  do  much  damage  by  defoliating  trees  and  crops, 
while  a  few  species  attack  apples,  pears,  and  plums  :  Hoplo- 
campa  testudinea,  the  ''Apple-fruit  Saw-fly,"  is  a  notable 
example  of  the  latter  class. 

Among  the  leaf-eaters  the  cosmopolitan  turnip  saw-fly, 
Athalia  spinarum,  and  the  currant  saw-fly,  Nematus  ribesii^ 
are  worthy  of  mention.  Lophyrus  pini  and  Nematus  erichsoni 
often  cause  serious  damage  to  pine  and  larch  plantations 
respectively. 

The  measures  adopted  for  control  necessarily  vary  according 
to  the  species  in  question  and  the  prevalence  of  the  pest. 


Fig.  166. — ^Head  of  Lophyrus 
jRufua  $. 
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In  small  gardens  and  orchards  the  larvae  may  be  hand- 
picked  :  this  is  an  efficient  method,  as  the  larvae  are  easily  seen 
and  are  often  markedly  gregarious. 

By  turning  over  the  soil  under  the  trees  in  winter,  many  of 
the  hibernating  larvae  are  exposed  and  either  die  from  exposure 
or  are  eaten  by  birds.  An  alternative  method  is  to  dig  the 
cocoons  deeper  into  the  soil,  so  as  to  prevent  the  perfect  insects 
emerging  in  spring  :  these  cultural  methods  are  perhaps  the 
most  satisfactory,  though  arsenical  sprays  have  been  used  with 
some  success. 

Group  11.  CYNIPOIDEA 

Body  laterally  compressed  ;  trochanters  undivided ; 
stigma  absent  ;  wings  and  tegulae  sometimes  absent. 

Three  families,  have  been  recognized,  but  the  classijfiication 
adopted  by  Kieffer  and  Dalla  Torre  in  Genera  Imectorum  will 
be  adopted  here,  viz. :  One  family,  Cynipidcc,  with  eight 
sub-families. 

Cynipidje. 

Gall- wasps. 

Small  to  minute  insects,  seldom  exceeding  5  mm.  in  length  ; 
the  fore- wing  with  no  stigma  and  not  more  than  five  closed 
cells ;  hind- wing  with  two  or  three  nervures.  Antennae 
straight  with  less  than  sixteen  joints.  The  pronotum 
reaches  the  insertion  of  the  fore -wings. 

Cynipidce  are  widely  distributed  throughout  the  world  but 
are  more  in  evidence  in  the  northern  temperate  zones,  especially 
where  the  oak  is  to  be  found. 

The  antennae  are  not  elbowed  and  are  always  less  than 
sixteen-jointed ;  the  male  usually  has  one,  sometimes  two, 
joints  more  than  the  female.  The  wings  are  rather  sparsely 
veined  and  never  have  a  stigma  ;  the  margin  of  the  wings 
may  be  fringed  with  hairs  and  sometimes  the  surface  is 
hairy. 
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The  mandibles  are  short  and  strong,  and  usually  toothed. 
The  labium  is  entire  and  truncated.  The  maxillse  have  an 
outer  lobe  and  a  four-  to  five- jointed  palp,  but  the  inner  lobe 
is  absent.    The  trochanters  are  not  divided. 

The  females  lay  their  stalked  eggs  in  the  cambium  tissues 
of  plants.  In  due  course  the  larva  hatches  out,  and  the 
formation  of  the  gall  commences.  The  larvse  are  fleshy, 
whitish  in  colour,  and  have  no  legs.  The  mature  larvse  do 
not  spin  cocoons,  but  pupate  within  the  gall,  and  the  perfect 
insect  finally  bores  its  way  out  of  the  gall.  So  far  as  is  known 
the  adults  do  not  feed  much,  nor  do  they  fly  very  far.  When 
alarmed  many  species  feign  death  in  order  to  escape  their 
enemies.  The  galls  are  to  be  found  on  many  kinds  of  vegeta- 
tion, though  the  majority  are  to  be  found  on  the  oak.  Closely 
allied  species  of  JRhodites  are 
remarkable  for  the  widely 
divergent  types  of  galls  that 
they  make  on  rose  trees. 

There  are  several  species  of 
Cynipidce  in  which  the  male  is 
unknown,  the  parthenogenetic 
female  alone  being  represented. 
An  alternation  of  generations 
is  fairly  common  ;  the  case  of 
Biorhiza  altera  and  Andricus 
terminalis  may  be  quoted. 
The  former,  which  occurs  in 
autumn,  is  rather  large  and 

wingless,  and  of  the  female  sex  only  ;  these  lay  their  eggs  in 
the  buds  of  oak  and  produce  the  well-known  "  oak-apple 
which  gives  rise  to  the  bisexual  Andricus  terminalis  in  June. 
Another  interesting  case  is  that  of  Ehodites  rosce,  which  forms 
the  common  bedeguar "  galls  on  roses.  The  male  is 
exceedingly  rare  in  comp^ison  with  the  females,  which  have 
been  proved  to  be  parthenogenetic. 
There  are  three  main  classes  of  Cynipidce : 

1.  The  true  gall-makers. 

2.  The  inquihnes  or  "  guests,"  which  lay  their  eggs  in  the 
galls  of  other  species. 

3.  Parasites — chiefly  attacldng  Aphides,  Diptera,  Coleoptera, 


Pig.  167. — Cynipoidea.    Wing  of 
Psilodora  boienii. 
{a.)  =  fore-wing.    (&.)  ~  hind- wing. 
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Sirex,  Hemerobius,  and  also  found  as  hyper-parasites  on 

Aphides. 

The  Cynipidce  have  been  divided  into  eight  sub-families, 
of  which  the  most  important  are  the  Figitince,  the  Ibaliince, 
and  the  Cynipince.  These  sub-families  are  all  based  on 
structural  characters,  but  in  a  general  way  it  may  be  said  that 
the  Figitince  and  the  Ibaliince  are  parasitic  and  that  the 
Cynipince  comprise  the  gall-makers  and  inquilines. 

The  Cynipidce  are  parasitized  to  a  great  extent  by  Chalci- 
doidea.  The  gall-makers  are  kept  in  check  by  the  hosts  of 
inquiKne  Cynipidce  ;  sometimes  the  inquiline  and  the  original 
gall-insect  both  reach  maturity,  but  usually  the  inquiline 
causes  the  death  of  the  legitimate  tenant. 

There  are  about  180  British  species  recorded ;  the  majority 
of  the  Cynipince  are  to  be  found  on  oak  trees  throughout  the 
country.  The  Cynipidce  have  been  monographed  in  Genera 
Insectorum  by  J.  J.  Kiefier  and  K.  W.  von  Dalla  Torre,  Fasc. 
9  and  10  (1902-1903).  The  British  species  are  described  by 
Cameron  in  British  Phytophagous  Hymenoptera,  vols.  Ill 
and  IV. 

Cynipidce  are  not  of  great  economic  importance,  except  in 
so  far  as  the  formation  of  large  numbers  of  galls  interferes 
with  the  growth  and  health  of  the  host  plant. 

Cynips  koUari,  "the  Marble  Gall,"  when  numerous,  is 
apt  to  stunt  and  distort  the  young  oaks. 

Diastrophus  turgidus  in  America  forms  galls  on  the  roots 
of  the  raspberry  and  bramble,  and  Cynips  olece  is  recorded  as 
a  pest  on  olive  in  Italy. 

Group  III.  SERPHOIDEA 

Small.  Usually  winged,  but  venation  reduced.  First 
abdominal  segment  not  elbowed. 

Formerly  this  group  was  termed  "  Oxyura  "  and  comprised 
the  family  Proctotrypidce.  According  to  the  latest  classifica- 
tion, the  Proctotrypidce  have  been  spht  into  seven  new  families, 
and  placed  along  with  the  Pelecinidce,  to  form  the  Serphoidea, 
The  old  family  name  of  Proctotrypidce  wiU  be  retained  here  as 
a  whole,  and  the  Pelecinidce  will  be  dealt  with  separately. 


ilp 
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Proctotrypid^, 

Small  insects  with  few  or  no  nervures  in  the  wings. 
Prothorax  reaching  hack  to  the  tegulae.  Ovipositor 
terminal. 

These  insects  are  widely  distributed  in  Europe  and  North 
America,  where  they  have  been  studied  to  some  extent.  As 
yet  little  is  known  of  the  habits  and  distribution  of  the  group 
in  Africa  and  Australia  and  Oriental  Asia. 

The  antennae  are  seven-  to  fifteen-jointed  and  may  be  either 
straight  or  elbowed.  The  mandibles  are  usually  toothed  and 
the  maxillae  are  bilobed  and  bear  a  two-  to  six-jointed  palp. 

The  venation  of  the  wings  varies  considerably,  the  stigma 
being  usually  well  dej&ned,  but  some  species  possess  no  stigma 
and  hardly  any  nervures  ;  not  infrequently  the  wings  are 
absent  in  one  or  both  sexes. 

The  trochanters  may  be  divided  or  undivided.  The 
abdomen  is  pointed,  and  often  deflexed  at  the  tip.  In  the 
female,  the  ovipositor  issues  from  the  tip  of  the  abdomen ; 
this  character  serves  to  distinguish  them  from  the  Chalcidoidea, 

So  far  as  is  known  the  Proototrypidce  are  all  parasitic  in  the 
eggs  or  bodies  of  insects  and  spiders.  Pupation  takes  place 
in  the  egg-shell  of  their  host,  or  within  the  dead  body  of  their 
victim.  In  the  case  of  those  species  which  infest  the  larvae 
of  Cohoptera,  the  parasites  gnaw  their  way  out  a  certain 
distance  before  pupating. 

There  are  several  British  species  recorded. 

The  Proctotrypidce  of  North  America  have  been  monographed 
by  Ashmead  (1893).  J.  J.  Kieffer  has  listed  most  of  the 
families  in  Genera  Insectorum: — Ceraphronidce,  Ease.  94; 
Serphidce,  IPsiSC,  95;  Belytidce, 'Fasc.  107  (1910);  Diapriidce, 
Ease.  124  (1911)  ;  Scelionidce,  Ease.  80  (1908)  by  C.  T.  Brues, 
with  additional  notes  by  Kiefier  (1910). 

The  Proctotrypidce  are  very  beneficial  insects,  as  they  are 
parasitic  on  the  most  destructive  of  insects.  Platygaster 
herrichii  is  a  parasite  of  the  Hessian  fly  (Cecidomyia  destructor). 
The  following  list  of  families  and  their  hosts  will  serve  to  show 
how  beneficial  these  parasites  are  in  reducing  the  numbers  of 
pests. 
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Flatygastrid(B. 

Parasitic  on  the  larvae  of  Cecidomyiidce  and  Tipulidce  ;  also 
recorded  as  a  hyper-parasite  on  a  Cecidomyiid  which  was 
parasitic  on  aphides.    This  family  also  attacks  Alenrodidce, 

Scelionidce. 

These  are  all  egg  parasites.  One  genus  has  been  recorded 
as  parasitizing  the  eggs  of  aquatic  insects.  Species  have 
been  bred  from  the  eggs  of  the  following  insects  : — Bomby- 
cidce  Noctuidce,  Arctiidce,  Geometridce,  Pentatomidce,  Aradidce, 
Coreidce,  Pyrrhocoridce,  Carabidce,  Oryllidce,  Acridiidce,  and 
spiders, 

Ceraphronidce, 

Parasitic  on  the  larvae  of  Cecidomyiidce  and  Aphid ce. 

HeloridoB. 

Bred  from  the  cocoons  of  Chrysopidce, 

Diapriidce. 

Para;sitic  on  larvae  of  Diptera. 

Belytidce. 

Parasitic  on  larvae  of  Diptera. 

Serphidce. 

Bred  from  larvae  of  Coleoptera  and  Diptera  living  in  fungi. 

PELECINIDiE. 

Female  with  a  very  long  abdomen.  Trochanters  not 
divided. 

Little  seems  to  be  known  of  the  habits  and  distribution  of 
this  family,  but  one  species,  Pelecinus  polyturator,  is  qydte 
common  in  America,  where  it  is  parasitic  on  the  larvae  of 
cockchafers. 

The  female  can  be  at  once  recognized  by  the  extraordinai'y 
length  of  the  abdomen,  which  may  be  two  inches  long  or  more  ; 
the  male,  however,  is  of  normal  proportions, 
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Group  IV.  CHALCIDOIDEA 

Small  insects  ;  antennae  elbowed  ;  usually  winged  ;  wings 
with  usually  only  one  longitudinal  nervure.  Pronotum  not 
reaching  tegulae.  Ovipositor  not  terminal.  Frequently 
metallic. 

This  is  a  very  extensive  group  of  Hymenoptera,  thousands 
of  species  being  recorded  from  all  parts  of  the  world. 

They  were  previously  all  relegated  to  the  family  Chalcidce 
(Chalcididce) ,  but  now  they  are  separated  into  twenty  families. 
They  are  chiefly  parasitic  and  their  habits  are  all  more  or  less 
similar,  but  special  reference  will  be  given  to  those  species 
which  are  phytophagous. 

The  families  are  all  based  on  small  structural  characters, 
hence  it  will  not  be  necessary  to  mention  them  except  those 
likely  to  come  before  the  no.tice  of  the  Economic  Entomologist. 

The  Chalcidoidea  may  be  classified  into  the  following 
families. — Mymaridce,  Trichogrammidce,  Tetrastichidce,  Entedon- 
tidce,  Eulophidce,  Elasmidce,  Elachertidce,  Pteromalidce,  Spalan- 
gidce,  Tridymidce,  Aphelinidce,  Encyrtidce,  Signiphoridce,  Eupel- 
midce,  Callimomidce,  Eurytomidce,  Perilampidce,  Eucharidce, 
CJialcididm,  Leucospidce. 

Chalcids  are  small  insects,  frequently  ^minute,  with  the 
exception  of  Leucospis  gigas — and  often  of  bright  metallic 
colours. 

The  antennae  are  seven-  to  thirteen- jointed  and  elbowed. 
The  fore- wings  usually  have  one  vein  proceeding  from  the  base 
and  running  parallel  with  the  front  margin,  then,  uniting  with 
the  costa,  it  gives  off  a  short  and  rather  thick  branch  towards 
the  middle  of  the  wing.  This  small  branch  is  sometimes 
forked  or  clubbed. 

Apterous  forms  are  to  be  met  with  in  both  sexes. 

The  parasitic  forms  attack  the  eggs,  larvae,  and  pupae  of  other 
insects,  and  in  the  case  of  Aphidce  and  Coccidce  the  adults  are 
parasitized.  No  insects  appear  to  be  free  from  their  attacks, 
gallicolous  Cynipidce,  Lepidoptera  in  all  the  early  stages,  and 
Diptera  are  most  freq[uently  parasitized.  Hyper-parasitism 
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sometimes  occurs  :  Pachycrepis  sp.  is  parasitic  on  a  Braconid 
which  attacks  Aphids. 

The  most  interesting  of  the  parasitic  forms  are  the  Mymaridce. 
These  insects,  which  were  previously  classed  with  the  Procto- 
trypidce,  are  very  small  indeed  and  are  parasitic  on  the  eggs 
of  other  insects.  The  wings  are  very  narrow  and  fringed  with 
long  hairs.  Some  of  these  minute  Chalcids  pass  their  early 
stages  in  the  eggs  of  dragon-flies  and  possess  the  faculty  of 
swimming  under  water.    In  the  family  Eurytomidce  are  to  be 


Fig.  168. — Naaonia  brevicornis,  a  pupal  parasite  of  the  Blow-fly 
(greatly  enlarged). 

found  several  Phytophagous  species,  which  are  regarded  as 
pests  in  America.  The  most  important  of  these  are  Isosoma 
tritici,  the  "  Wheat-joint  Worm "  ;  Isosoma  hordei,  which 
attacks  barley  ;  Bruchophagus  funebris,  which  feeds  as  a  larva 
in  clover  and  lucerne  seeds ;  and  Euoxysoma  vitis,  which 
feeds  in  grape  seeds. 

Megastigmus  spermotrophus  lays  its  eggs  in  the  seeds  of 
Douglas  fir,  and  has  lately  been  causing  considerable  damage 
in  this  country. 

About  4,000  species  of  Chalcids  have  been  described,  of 
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which  1,400  are  British.  No  doubt  many  more  will  be 
discovered. 

The  Chalcidoidea  have  been  monographed  in  Genera  Insect- 
orum,  Fasc.  97  (1909),  by  0.  Schmiedeknecht.  Claude 
Morley  has  catalogued  the  British  species,  Brit.  Mus.  Nat. 
Hist,  (1910). 

The  economic  importance  of  the  group  is  considerable. 
The  parasitic  forms  are  very  beneficial  in  reducing  the  numbers 
of  caterpillars  and  flies.  On  the  other  hand.the  Phytophagous 
species  are  very  injurious  to  their  food-plants. 

Isosoma  (Harmoliia)  tritici  forms  galls  at  or  near  the  joints 
in  wheat  stems  ;  the  larvae  feed  within  the  gall,  and  when 
mature  hibernate  therein  and  pupate  in  spring. 

The  fig-insect,  Blastophaga  grossorum,  is  a  very  interesting 
Chalcid,  which  is  considered  to  be  an  essential  factor  in  the 
development  of  the  fig.  The  male  is  apterous,  but  the  female 
has  well-developed  wings.  It  appears  that  the  fig-insects 
breed  only  in  the  wild  figs  and  that  the  males  do  not  leave  the 
fruit  but  fertilize  the  females,  which  fly  away  to  deposit  their 
eggs  on  other  figs.  The  cultivated  fig,  however,  seems  to  be 
unsuitable  for  the  development  of  the  insect,  but  as  the  female 
wanders  about  the  young  figs,  they  are  fertilized  by  the  pollen 
which  the  Blastophaga  has  carried  from  the  wild  fig.  For  this 
purpose,  branches  of  wild  figs  containing  Blastophaga  are 
hung  up  in  the  orchards  of  cultivated  figs,  so  that  the  process 
of  "  caprification,"  as  it  is  termed,  may  be  accomplished. 

Group  V.  ICHNEUMONOIDEA 

Trochanters  usually  divided.  First  abdominal  segment 
elbowed.  Cutting  edge  of  mandibles  turned  outwards, 
their  tips  usually  neither  meeting  nor  overlapping  when  the 
mandibles  are  flexed  towards  the  mouth. 

This  is  another  large  group  of  insects,  consisthag  of  an 
enormous  number  of  species.  The  constriction  between  the 
abdomen  and  the  thorax  is  very  strongly  marked  and  the 
trochanters  are  nearly  always  divided. 

There  are  five  well-defined  famiHes,  viz.  Ichneumonidce, 
Braconidce,  Evaniidce^  Stephanidce^  Trigonalidce, 
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The  last  two  families  are  apparently  rare  and  little  is  known 
of  their  habits.  Four  other  families  have  been  placed  in  this 
group  :  Vipionidce,  Alysiidce,  and  Capitonidce  are  placed  by 
Szepligeti  in  Genera  Insectorum  along  with  the  Braconidce,  and 
the  Banchid(^  are  included  in  the  Ichneumonidce  (Morley), 

IcHNEUMONiBiE  (including  Banchidce). 
Ichneumon-flies." 

Trochanters  divided.  Antennae  not  elbowed.  Wings  with 
a  well -developed  system  of  venation. 

The  Ichneumonidce  comprise  some  6,000  species  from  all 
parts  of  the  world. 

^  Siigmjcu 


Fig.  169. — Ichneumonidce,    Diagram  of  Fore-wing. 
(The  three  cells  across  the  wing  are  each  shaded  differently.) 


They  appear  to  be  as  common  in  the  temperate  regions  as 
in  the  tropics. 

The  size  varies  greatly.  They  are  often  black,  conspicuously 
marked  with  yellow  or  red  spots  and  bands.  Species  of  the 
genus  Ophion  are  usually  bright  red  in  colour  with  no  markings. 

Apart  from  structural  characters,  Ichneumons  can  generally 
be  recognized  m  the  field  by  their  short,  jerky  flight  and 
constantly  vibrating  antennae. 

The  antennae  are  rather  long,  usually  filiform,  and  many- 
jointed.  The  pronotum  is  short,  but  extends  laterally  to  the 
insertion  of  the  fore-wings.  The  legs  are  long  and  the  division 
of  the  trochanters  is  well  marked.  The  female  usually  has 
the  ovipositor  projecting  beyond  the  extremity  of  the  body. 
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The  ovipositor  is  sometimes  much  longer  than  the  body  of  the 
insect. 

The  wings  are  usually  well  developed,  though  apterous  forms 
are  not  uncommon.  Pezomachus  is  a  common  British  wing- 
less Ichnexmaon. 

Ichneumons  are  all  parasites  and  usimlly  select  Lepidopterous 
caterpillars  and  saw-fly  larvsc  as  their  victims,  though  many 
other  insects  and  spiders  are  attacked.  The  egg  is  laid  either 
on  the  skin  or  in  the  body  of  the  host,  and  a  legless  larva 
hatches  out. 

Rhyssa  persuasoria,  a  large  Ichneumon  which  is  found  in 
Britain,  selects  the  larvae  of  Sirex  for  its  host.  The  long 
ovipositor  is  thrust  into  the  wood  and  an  egg  is  laid  in  the 
burrow  of  the  Sirex  larva ;  the  young  Ichneumon  larva  on 
hatching  seeks  out  the  Sirex  larva  and  feeds  on  it  as  an 
external  parasite. 

Most  Ichneumon  larvae,  however,  are  internal  parasites, 
living  inside  the  host  and  feeding  on  the  lymph,  the  vital  organs 
not  being  touched,  as  this  would  result  in  the  premature  death 
of  the  host  and  the  subsequent  starvation  of  the  parasite. 

The  host  usually  attains  full  growth  before  death,  by  which 
time  the  parasite  is  also  mature. 

Pupation  usually  takes  place  in  a  silken  cocoon,  often  inside 
the  cocoon  of  the  host. 

The  general  life-history  of  the  Ichneumonidce  is  fairly  uniform, 
though  mention  should  be  made  here  of  Agriotypus  armatus — 
a  species  which  has  the  faculty  of  going  under  water  for  the 
purpose  of  laying  its  eggs  in  the  larvse  of  Caddis-flies. 

There  are  over  1,^200  species  recorded  from  Britain.  These 
have  been  treated  by  Claude  Morley  in  British  Ichneumons, 

The  following  is  a  list  of  references  in  Oenera  Insectorum  : — 

Pasc.  18  (1904)  sub-fam.  Ichneumonince,  by  V.  Berthoumieu. 
„    34  (1905)      „       Ophionidce,  Pharsaliince,  etc.,  by 

G.  V,  Sz6pligeti. 
„    62  (1907)  Pimplince,  by  0.  Schmiedeknecht. 

„    75  (1908)      ,,       Cryptince,  by  0.  Schmiedeknecht. 
„  114  (1911)      ,,       Ophionidce,  etc.,  by  G.  V.  Szepligeti. 

The  family  has  been  catalogued  by  Morley  in  Revision  of 
the  Ichneumonidce,  Brit.  Mus,  Nat.  Hist.  (1912). 
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The  economic  importance  of  th.e  Ichneumonidce  is  enormous. 
As  they  are  chiefly  parasitic  on  Lepidoptera,  they  materially 
check  the  numhers  of  caterpillars  which  infest  nearly  every 
crop. 

Some  Ichneumons  are  troublesome  when  they  confine  their 
attentions  to  silk-worm»  and  collectors  do  not  welcome  their 
presence  when  rearing  rare  butterflies  and  moths.  These  two 
cases  must  be  ignored,  however,  in  view  of  the  enormous 
amount  of  good  that  they  do  in  destroying  caterpillars  that 
are  injurious  to  crops. 

Braconidje  (including  Vipionidce,  Alysiidce,  and  Capitonidce), 

Antennae  long,  not  elbowed.  Abdomen  not  inserted  on 
apex  of  median  segment.  Fore-wings  with  four  cells  across 
the  wing  from  the  stigma  to  the  inner  margin,  and  the  space 
between  the  cubital  cells  and  the  anal  cell  not  divided  by  a 
nervure. 

This  is  a  very  large  family  and  appears  to  be  widely  dis- 
tributed all  over  the  world. 

Braconids  are  rather  similar  to  Ichneumons  at  first  sight, 


Fig.  170. — Braconidce.  Diagram  of  Fore-wing. 
(The  four  cells  across  the  wing  are  each  shaded  differently.) 


but  can  be  readily  distinguished  by  comparing  the  venation 
of  the  fore-wings.  As  a  rule,  the  Braconids  are  smaller  and 
duller  than  Ichneumons,  but  some  of  the  tropical  forms  are 
large  and  brightly  coloured.  The  wings  are  often  banded  or 
blotched. 

Most  of  the  Braconidce  are  winged,  but  in  a  few  rare  cases 
the  female,  or  even  both  sexes,  are  apterous.  The  head  is 
rather  large,  with  long  antennae.    The  abdomen  varies  in 
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shape  considerably  and  in  the  female  there  is  usually  a  long 
ovipositor. 

The  life-history  of  the  Braconidce  is  very  similar  to  that  of 
the  Ichneumonidce. 

They  are  all  parasitic,  and  most  of  them  live  inside  the  body 
of  the  host,  usually  Lepidopterous  larvse,  though  Dipterous 
larvae,  aphids,  and  ants  are  also  parasitized. 


Fig.  171. — Alysia  mandiicator.    (x  6.) 

The  smaller  forms  such  as  Microgaster  and  Apanteles  are  to 
be  found  in  large  numbers  within  the  body  of  a  single  host  : 
sometimes  over  1,000  parasites  have  been  bred  from  one 
caterpillar. 

The  larvae  when  mature  spin  masses  of  yellow  or  white 
cocoons  on  or  near  the  body  of  the  victim. 

The  Braconidce  have  been  monographed  by  G.  V.  Sz^pligeti  in 
Oenera  Insectorum,  Ease.  22  (1904).   Marshall  has  described  the 
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British  species  in  the  Transactions  of  the  Entomological  Society 
of  London,  commenciag  in  1885. 

Further  information  about  the  British  Braconidce  appeared 
in  the  Entomologist,  1920-1921,  by  Lyle. 

The  Braconidce  are  of  great  value  to  the  agriculturist. 
Apanteles  and  Microgaster  appreciably  reduce  the  number 
of  caterpillars  in  this  country,  and  Ehogas  lefroyi  is  a  very 
important  check  on  the  spotted  boUworms,  Earias  insulana 
and  E,  fabia,  in  India. 


EVANIID^. 

The  petiole  of  the  abdomen  is  attached  to  the  upper  part 
of  the  median  segment.  Antennae  filiform,  thirteen-  to 
fourteen- jointed . 

The  Evaniidce  are  widely  distributed  throughout  the 
temperate  and  tropical  regions. 

JPcenus  (Gasteruption)  jaculator  is  a  common  British  species. 


Fig.  172. — Evaniidce,    Thorax  of  Foenua,  showing  Insertion'of  Abdomen. 

The  pronotum  is  rather  short.  The  posterior  legs  are  rather 
long,  the  tibiae  being  frequently  clubbed  at  the  distal  end. 
The  trochanters  are  divided,  though  very  imperfectly,  the 
distal  portion  being  very  small  and  hardly  to  be  distinguished 
from  the  longer  proximal  joint. 

The  Evaniidce  are  all  parasitic  in  habits.  The  species  of 
the  genus  Evania  lay  their  eggs  in  the  egg  capsules  of  Blattidce, 
and  Aulacus  lives  at  the  expense  of  Siricidce  (Xiphydria) 
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and  a  few  species  of  Cerambycidce.  Fcenus  (Gasteruption)  is 
parasitic  on  Apidce,  Vespidce,  and  Sphecoidea,  and  may  be 
seen  in  this  country  searching  wooden  posts,  fences,  etc., 
for  the  nests  of  their  hosts. 

A  monograph  of  the  Evaniidoe  appeared  in  Genera  Insectomm, 
Fasc.  2  (1902),  by  J.  J.  Kieffer. 

Stephanid^. 

Antennae  many-jointed.  Abdomen  attached  to  lower 
part  of  the  median  segment.  Wings  with  a  costal  cellule* 
Trochanters  divided. 

There  are  only  about  100  species  of  Stephanidce  known  from 
various  parts  of  the  world.  They  occur  in  the  tropics  and 
have  been  found  in  France  and  Germany. 

There  are  no  British  species. 

The  head  is  globose,  and  the  antennae  are  very  long,  being 
composed  of  thirty  to  seventy  joints.  The  maxillary  palps 
are  also  rather  long,  and  five-jointed.  The  wing  venation  is 
varied ;  the  stigma  is  generally  well  defined  and  there  are 
from  three  to  eight  cells  in  the  fore-wings.  The  abdomen  is 
attached  to  the  lower  portion  of  the  median  segment.  The 
female  has  a  long  ovipositor. 

Nothing  appears  to  be  known  of  the  life-history  and  habits 
of  this  family. 

J.  J.  Kieffer  has  monographed  the  Stepha>nidce  in  Genera 
InsectornW;  Fasc.  77  (1908). 

Trigonalidje. 

Trochanters  imperfectly  divided.  Abdomen  consisting 
apparently  of  only  five  segments.  Venation  well  developed 
in  both  pairs  of  wings. 

The  Trigonalidce  are  found  chiefly  in  South  and  Central 
America,  though  they  have  been  recorded  from  Africa, 
Australia,  Burma,  Canada,  U.S.A.,  and  Europe.  One  species, 
which  is  very  rare,  has  been  recorded  from  Britain. 

These  insects  bear  a  great  resemblance  to  some  of  the 
f  ossorial  wasps  and  parasitic  bees  of  the  genus  Nomada.  They 
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are  usually  blackish  in  colour,  marked  and  banded  with  red 
or  yellow.  The  head  is  large  and  broad,  and  the  antennae 
are  twenty-five-jointed.  The  trochanters  are  divided,  but  the 
division  is  not  nearly  so  well  marked  as  in  the  Ichneumonidce. 
The  wings  have  a  well-developed  system  of  venation,  somewhat 
similar  to  that  found  in  the  f ossorial  wasps. 

The  life-history  appears  to  be  very  imperfectly  known.  It 
has  been  ascertained,  however,  that  they  are  parasitic  on 
other  Hymenojptera,  especially  the  social  wasps  belonging 
to  the  genera  Vespa  and  Polistes. 

The  TrigonalidcB  are  also  known  to  be  hyper-parasites  on 
Diptera  {Tachinidce). 

W.  A.  Schultz  has  monographed  the  family  in  Genera 
hisectomm,  Fasc.  61  (1907). 

Group  VI.    CHEYSIDOWEA  (Tubulifera) 
This  group  consists  of  but  one  family — Chrysidce. 

Chrysid^  (Chrysididce). 

Ruby-wasps. 

Trochanters  undivided.  Abdomen  of  three  visible  seg- 
ments when  viewed  from  above.  Female  with  retractile 
ovipositor. 

The  Chrysidce  are  distributed  all  over  the  world,  though  the 
family  is  not  very  large. 

These  insects  may  be  easily  recognized  in  the  field  ;  they  are 
usually  to  be  seen  in  the  hot  sunshine  flying  about  old  walls 
and  fences.  Their  brilliant  metallic  colours,  restless  habits, 
and  constantly  vibrating  antennae  are  characteristic  of  the 
family.  The  antennae  are  rather  short  and  strongly  elbowed. 
The  wings  are  comparatively  smaU  and  usually  smoky.  The 
stigma  is  somewhat  reduced.  The  uitegument  is  very  hard 
and  usually  thickly  punctured.  Chrysids  have  the  remarkable 
power  of  curling  themselves  into  a  ball,  in  which  position  they 
are  more  or  less  protected  from  the  stings  and  jaws  of  their 
enemies.  The  ovipositor  of  the  female  is  enclosed  in  a  seg- 
mented, retractile  sheath. 
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The  Chrysidce  are  parasitic  on  Aculeate  Hymenoptera, 
especially  Eumenidce. 

Chrysis  shanghaiensis  and  G.  bombycida,  however,  live  at 
the  expense  of  Lepidoptera. 

The  egg  is  laid  in  the  provisioned  cell  of  the  wasp  and 
hatches  to  a  fat,  legless  larva.  Generally  the  Chrysid  larva 
feeds  on  the  developing  wasp  larva,  though  a  case  has  been  re- 
corded where  the  Chrysis  larva  fed  on  the  caterpillars  which 
had  been  stored  by  the  mother  wasp  for  the  benefit  of  her  young. 


Fig.  173. — Stilbum  cyanurum  (F.  ML  Hewlett). 


When  fully  grown  the  larva  spins  a  cocoon  and  pupates  in 
spring  in  the  cell  of  the  host,  the  perfect  insect  emerging 
shortly  afterwards. 

There  is  a  monograph  of  the  Chrysidce  by  H.  BischofE  in 
Genera  Insectorum,  Ease.  151  (1913). 

There  are  about  twenty-four  species  recorded  from  Britain. 

Chrysis  ignita  is  the  commonest  species  ;  it  may  be  seen 
searching  walls  and  fences  for  the  nests  of  Odynerus  (Eumenidce) 
in  May  and  June. 

These  insects  are  of  no  economic  importance. 

Group  VII.  VESPOILEA 

Wings  usually  well  developed.  Hairs  simple.  Pronotum 
reaching  tegulae.  Trochanters  undivided.  Cutting  edge 
of  mandibles  turned  inwards,  their  tips  meeting  or  over- 
lapping when  mandibles  are  flexed  towards  the  mouth. 

The  Vespoidea  and  the  succeeding  groups  belong  to  the 
Aculeata  or  stinging  Hymenoptera.  The  Vespoidea  may  be 
distinguished  from  the  Sphecoidea,  which  they  closely  resemble, 
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by  the  pronotum  reaching  back  to  the  tegulse,  and  from  th 
Apoidea  and  Formicoidea  by  the  absence  of  branched  o 
plumose  hairs  and  the  absence  of  abdominal  nodes  respectively 
The  old  division    Diploptera,''  comprising  the  Vespidce  an< 


Fig.  174. — 1.  Thorax  of  Sphecoidea  (Pronotum  not  reaching  Tegula). 
2.  Thorax  of  Vespoidea  (Pronotum  reaching  Tegula). 

Eumenidce,  is  abolished,  these  two  families  being  now  placec 
in  this  group.    The  Bethylidce  and  Dryinidce,  which  wer< 
originally  in  the  ''Parasitica,''  are  also  relegated  to  th( 
Vespoidea, 
There  are  ten  well-del&ned  famihes. 

Bethylid^. 

Antennae  usually  thirteen- jointed.  Wings  frequently 
absent  in  the  female.  Hind- wings  with  a  lobe. 

This  is  a  small  family,  but  widely  distributed. 

The  Bethylidce  were  placed  byAshmead  with  the  Proctotry- 
pidce  in  his  monograph  of  those  insects  ;  they  are  now,  however, 
placed  in  the  Aculeates. 
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The  prothorax  is  long  and  the  median  segment  is  well 
developed.  The  wings  are  often  reduced  or  absent  in  the 
female,  and  sometimes  in  the  male.  The  venation  varies 
considerably :  in  some  forms  the  cells  are  well  marked  and  in 
others  there  may  be  only  two  small  veins  not  extending  more 
than  one-f OTorth  of  the  length  of  the  fore-wing.  The  hind- wings 
usually  have  no  veins  at  all,  except  a  subcostal,  and  the 
lower  margin  near  the  base  is  freq[uently  lobed.  The  abdomen 
is  of  seven  to  eight  segments,  and  the  petiole  is  very  short. 

The  Bethylidce,  so  far  as  is  known,  are  all  parasitic  in 
habits. 

They  have  been  bred  from  various  Lepidopterous  and 
Coleopterous  larvae :  some  species  attack  the  larvae  of  wood- 
boring  beetles,  and  others  have  been  found  in  ants'  nests, 
where  they  are  probably  parasitic  on  the  larvae  of  myrmico- 
philous  insects. 

J.  J.  Kieffer  has  monographed  the  Bethylidce  in  Genera 
Insectorum,  Tasc.  76  (1908). 

They  are  of  no  economic  importance. 

Dbyinidje. 

Female  with  the  fore-leg  modified  to  form  a  pincer. 

The  Dryinidce  are  found  chiefly  in  Europe,  North  America, 
and  Australia.  A  few  species  have  been  recorded  from  Asia 
and  Africa. 

The  antennae  are  ten-jointed,  usually  filiform,  and  not 
infrequently  clubbed.  The  wings  are  often  pigmented  and 
sometimes  reduced  or  altogether  absent.  The  hind-wings 
often  have  a  lobe.  With  the  exception  of  the  genus  Aphelopus 
the  fifth  joint  of  the  tarsus  is  modified  in  the  female  to  form  a 
pincer.  The  trochanters  are  not  divided.  The  abdomen 
consists  of  eight  segments,  the  petiole  being  very  short.  The 
ovipositor  of  the  female  is  not  external. 

The  Dryinidce  are  aU  parasitic  in  habits ;  a  few  species 
have  been  found  in  ants'  nests,  but  their  life-history  is  not  clear, 
most  live  at  the  expense  of  the  Homopterous  families  Ful- 
goridce  and  Jassidoe,  The  female  holds  the  Homopterous 
nymph  with  its  pincers  and  proceeds  to  deposit  its  eggs  in  the 
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body  of  the  host.  When  the  larvse  are  matxire  they  pupate 
in  a  white  cocoon  fixed  to  the  food-plant  of  the  host. 

The  family  has  been  monographed  by  J.  J.  Kieffer  in  Genera 
Insectorum,  Ease.  54  (1907). 

About  300  species  are  known. 

The  DryinidcB  furnish  a  good  example  of  the  value  of 
imported  parasites  ;  a  sugar-cane  leaf -hopper  (Perkinsiella 
saccharicida — ^family  Fulgoridce)  was  accidentally  introduced 
from  Australia  to  Hawaii,  where  it  became  a  pest. 

Parasites,  including  several  species  of  JDryinidce,  were 
exported  from  Australia  and  were  instrumental  in  appreciably 
reducing  the  numbers  of  the  Fulgorid  in  Hawaii. 

Two  species  oi  Dryinidce  are  recorded  as  parasites  on  the 
sugar-cane  leaf-hopper  (Pyrilla  abermns — Fulgoridce)  in  India. 
Eef.,  Memoirs  Dept.  Agr.  India,  Vol.  V,  No.  11  (1917),  C.  S. 
Misra. 

ScOLIID-aB. 

Digger-wasps. 

A  constriction  between  first  and  second  abdominal  seg- 
ments. Middle  coxae  separated  ;  middle  tibiae  with  one 
spur.   Both  sexes  winged*   Pronotum  reaching  tegulae. 

Widely  distributed  throughout  the  tropics,  the  Scoliidce 
appear  to  be  rather  scarce  in  the  temperate  regions.  Only 
two  species,  Tiphia  femorata  and  T.  minuta,  are  found  in 
Britain. 

The  Scoliidce  may  be  recognized  in  the  field  by  their  large 
size,  stout  legs,  and  rather  thick-set,  hairy  bodies.  They  are 
usually  blackish  in  colour  with  yellow  or  red  spots  and  bands. 
The  head  is  large  and  bears  strong  mandibles  ;  the  antennae 
are  rather  short  in  the  female,  longer  and  more  slender  in  the 
male.  The  venation  of  the  wings  is  well  developed,  but  the 
nervures  do  not  reach  the  outer  margin.  The  female  is 
generally  much  larger,  and  is  of  course  provided  with  a 
sting. 

Scoliidce  live  at  the  expense  of  Coleopterous  larvae,  chiefly 
Melolonthidce.  The  female  searches  for  a  cockchafer  larva, 
usually  in  the  ground  or  in  decaying  vegetable  matter,  and 
paralyses  it  by  stiiiging  it  in  some  particular  nerve  gangUon. 
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An  egg  is  then  laid  on  the  unfortunate  larva  and  the  mother 
wasp  flies  away  to  repeat  the  performance  elsewhere.  The 
egg  hatches  in  due  course,  and  the  young  larva  commences  to 
feed  on  the  paralysed  cockchafer  larva  in  such  a  manner  that 
the  latter  does  not  die  until  the  Scoliid  larva  is  mature. 

Scoliidce  are  beneficial  insects,  as  they  destroy  many  injurious 
cockchafer  larvse. 

Phytalus  smithi  (Melolonthidce),  whose  larvae  feed  on  the 
roots  of  sugar  cane,  was  accidentally  introduced  into  Mauritius 
from  the  West  Indies.  The  insect  became  a  pest,  but  was 
effectively  controlled  by  importing,  from  the  West  Indies, 
Tiphia  parallela,  which  is  a  specific  check  on  Phytalus, 

Sapygidje. 

No  constriction  between  first  and  second  abdominal 
segments.  Posterior  legs  short ;  eyes  emarginate  on  inner 
side.    Both  sexes  winged. 

This  is  a  small  family  of  insects,  and  apparently  nothing  is 
known  of  their  habits. 

According  to  Fabre's  observations,  Sapyga  lives  at  the 
expense  of  the  bees — Osmia — the  Sapyga  larvae  destroying  the 
bee's  egg  and  feeding  on  the  material  supplied  by  the  latter  for 
its  own  young.  The  writer  has  observed  the  British  Sapyga 
5'punctata  frequenting  an  old  beech  stump  where  there  was 
a  large  community  of  the  Sphegid  Pemphredon  lugubris. 

There  are  only  two  British  species  recorded — Sapyga  5- 
punctata  and  S,  clavicornis.    Both  are  fairly  common. 

They  are  of  no  economic  importance. 

MuTiLLiDJE  (including  Methocidoi  and  Myrmosidce), 

Male.  Pronotum  reaching  tegulae.  A  constriction 
between  first  and  second  abdominal  segments.  Middle 
coxae  contiguous.  Middle  tibiae  with  two  apical  spines. 
Female  :   wingless  ;  ant-like  but  without  abdominal  nodes . 

The  MutilUdce  appear  to  be  common  and  widely  distributed 
in  the  tropics,  especially  in  South  America,  though  they  are 
not  so  much  in  evidence  in  the  temperate  regions. 
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The  male  Mutillidce  somewhat  resemble  Scoliids  in  being 
fairly  large  and  brightly  coloured  ;  they  can  be  distinguished, 
however,  by  the  two  tibial  spines  and  the  position  of  the 
middle  coxse.  Both  sexes  are  covered  with  short,  brightly 
coloured  hairs.  The  general  colour  scheme  is  black  with  red, 
golden,  or  white  bands  and  spots  ;  some  species  are  of  a  uniform 
bright-red  colour.  Unlike  the  majority  of  insects,  the  male  is 
slightly  larger  than  the  female,  and  is  often  diflFerently  coloured. 
The  females  may  be  mistaken  for  ants,  but  the  absence  of 
abdominal  nodes  and  the  bright  pubescence  of  the  former  at 
once  distinguishes  them  from  that  family.  The  sting  is  long 
and  inflicts  a  very  painful  wound. 

The  antennae  are  twelve-jointed  in 
the  female  and  thirteen-jointed  in  the 
male.  The  thoracic  segments  are  not 
usually  distinct  in  the  female  when 
viewed  from  above ;  the  male,  how- 
ever, has  these  segments  quite  distinct. 

The  nervures  do  not  reach  the  outer 
margin  of  the  fore-wings  in  the  typical 
forms,  and  in  the  genus  Apterogyna  the 
nervures  are  more  or  less  confined  to 
the  basal  area.  Very  rarely  the  wings 
in  the  male  are  rudimentary  or  absent. 
Little  is  known  of  the  liEe-histories 
Fig.  175.— a  Mutillid  ? .  MutilUdcBy  but  it  is  believed 

( X  4.)  that  they  are  all  parasitic  on  Aculeate 

Hymenoptera, 

Mutilla  europoea  is  known  to  be  parasitic  on  species  of 
Bombus  ;  the  egg  is  laid  in  the  cell  of  the  bee  and  the  resulting 
larva  feeds  on  the  bee  larva  as  a  true  parasite :  the  stored 
provisions,  if  any,  in.  the  host's  cell  are  not  utilized  by  the 
parasite. 

E.  Andre  has  monographed  the  Mutillidce  in  Genera 
Insectorum,  Pasc.  11  (1903). 

It  should  be  mentioned  here  that  two  families,  Methocidce 
and  MyrmosidcB,  have  been  formed.  Andr6,  however,  places 
them  as  sub-families  of  the  Mutillidce,  whereas  many  authors 
include  the  Methocidce  with  the  Thynnidce,  In  both  Methoca 
and  Myrmosa  the  female  is  wingless,  and  in  the  male  the 
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nervures  of  the  fore-wing  extend  to  the  outer  margin.  The 
Methoca  female  differs  from  the  typical  Mutillid  in  having 
the  thoracic  segments  distinct. 

Over  1,800  species  have  been  described,  of  which  four  are 
British;  they  are  Mutilla  eurojpoea,  M,  rufipes,  Myrmosa 
melanocephala,  and  Methoca  ichneumonides.  None  are  com- 
mon. 

The  Mutillidce  are  of  no  economic  importance. 

THYNNIDiE. 

Like  Mutillidae.  Male  winged  ;  the  pronotum  reaching 
the  tegulae,  the  nervures  extending  to  the  outer  margin 
of  the  wings.  Female  wingless ;  the  thoracic  segments 
distinct. 

This  is  rather  a  small  family  and  appears  to  be  confined  to 
Australia,  New  Guinea  and  the  adjacent  islands,  South 
America,  and  California. 

The  wingless  female  has  very  short  and  somewhat  curled 
antennae,  and  differs  greatly  from  the  male.  A  small  process 
of  the  mesosternum  separates  the  middle  coxae,  and  the  middle 
tibise  are  furnished  with  two  apical  spines. 

Nothing  appears  to  be  known  of  the  habits  of  these  insects. 
Froggatt  believes  them  to  prey  on  subterranean  LamelUcorn 
larvse. 

The  family  has  been  monographed  in  Genera  Insectorum, 
Ease.  105  (1910),  by  R,  E.  Turner. 

No  British  species  have  been  recorded,  and  the  family  is 
of  no  economic  importance. 

Pqmpilid^  [Psammocharidce), 

Digger-wasps. 

Pronotum  reaching  the  tegulse.   Posterior  legs  long. 

This  large  family  is  found  in  nearly  all  parts  of  the  world. 
The  Pompilidce  are  easily  recognized  in  the  field ;  they 
frequent  sandy  places,  and  may  often  be  seen  running  rapidly 
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over  the  ground,  their  wings  and  antennae  being  in  a  constant 
state  of  vibration.  They  are  perhaps  the  most  restless  of 
insects,  running  and  taking  quick,  short  flights  as  they  search 
for  the  spiders  which  they  provide  for  their  young.  Pompilids 
are  usually  black  or  metallic,  sometimes  marked  with  red ; 
some  of  the  tropical  forms  exceed  two  inches  in  length.  The 
sting  is  severe.  The  antennae  are  moderately  long  and  often 
curled,  especially  after  death  ;  the  wings  have  a  well-developed 
system  of  venation  and  are  often  smoky  or  metallic.  The 
long  legs,  especially  the  posterior  pair,  are  the  best  diagnostic 
features  of  the  family. 

Spiders  form  the  chief  prey  of  the  Pompilidce,    The  female 


Fig.  176. — Pompilid,  showing  the  long  posterior  Legs.   (  X  IJ.) 


wasp  searches  for  her  prey,  and  having  found  it,  stings  it  in 
such  a  manner  that  it  is  paralysed  and  incapable  of  further 
action.  The  spider  is  then  dragged  to  some  convenient  hole, 
or  the  wasp  prepares  a  subterranean  cell,  and  an  egg  is  laid 
on  it  and  the  cell  closed.  The  young  larva  on  hatching 
feeds  on  the  body  of  the  spider  and  when  mature  pupates  in 
the  cell.  Li  Britain  the  perfect  insects  appear  in  May  and 
June. 

There  are  thirty-two  species  found  in  Britain  according  to 
Saunders's  catalogue  of  the  British  Aculeate  Hymenoptera. 

Although  the  Pompilidce  are  extremely  interesting,  they  are 
of  no  economic  importance. 
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EUMENID^. 

Mud-wasps. 

Wings  folded  longitudinally  ;  middle  tibiae  with  one  spine 
at  the  apex,  the  claws  dentate. 

This  family  is  widely  distributed  and  fairly  common  over 
the  greater  part  of  the  world. 

Eumenids  are  rather  small  insects,  slender  in  build,  and 
usually  exhibit  yellow  and  black  colours ;  many  forms  are, 
however,  of  a  uniform  reddish-brown  colour.  The  antennae 
are  moderately  long,  elbowed,  and  twelve- jointed  in  the 
female — ^thirteen- jointed  in  the  male.  The  mouth-parts  are 
of  the  normal  biting  and  sucking  type,  the  mandibles  being 
well-developed.  The  abdomen  is  generally  rather  smooth  and 
long,  the  petiole  being  frequently  very  narrow  and  elongate. 
There  are  six  visible  abdominal  segments  (dorsally)  in  the 
female  and  seven  in  the  male  ;  the  former  is  provided  with  an 
efficient  sting.  The  longitudinal  folding  of  the  fore-wings  when 
the  insect  is  at  rest  is  very  characteristic  of  this  family  and  the 
Vespidce. 

The  Eumenidce  provide  for  their  young  by  making  mud  cells 
and -storing  provisions  therein.  Both  sexes  are  represented, 
but  there  is  no  worker  caste.  The  females  select  a  suitable 
hole,  usually  in  an  old  wall,  bank,  or  wooden  post,  and  proceed 
to  store  up  a  supply  of  caterpillars  which  have  been  previously 
stung ;  the  number  of  caterpillars  allotted  to  each  cell  varies 
from  three  to  eight  according  to  their  size.  When  sufficient 
food  material  has  been  collected  an  egg  is  laid  and  the  cell 
closed,  usually  with  mud.  The  larva  on  hatching  feeds  on  the 
caterpillars  and  when  mature  pupates  in  a  cocoon  in  the  cell. 
This  is  briefly  the  life-history  of  the  genus  Odynerus  ;  some  of 
the  tropical  forms  of  the  genus  Eumenes  construct  elaborate 
cells  of  clay  which  are  fixed  openly  on  to  any  convenient 
object.  In  practically  all  cases,  Lepidopterous  caterpillars 
are  selected  as  food  for  the  young. 

These  wasps  are  parasitized  to  a  great  extent  by  Chrysidce, 
Ichneumons,  and  Tachinidce. 

This  family,  along  with  the  Vespidce  ei,nd  Masaridce,  has  been 
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monographed  in  Genera  Insectorum,¥si,sc,  19  (1904), by  K.  W. 
von  Dalla  Torre. 

There  are  eighteen  species  of  JEumenidce  recorded  from 
Britain,  seventeen  of  these  belonging  to  the  genus  Odynerus 
and  the  remaining  species  being  Eumenes  coarctata. 

Odynerus  callosus  and  0.  parietum  appear  to  be  common 
and  widely  distributed  in  England  and  their  nests  are  often 
to  be  found  in  old  brick  walls. 

The  Eumenidce  are  useful  insects,  as  they  destroy  large 
numbers  of  caterpillars ;  with  few  exceptions,  however,  they 
are  not  common  enough  to  be  of  much  use  to  the 
agriculturist. 

Eumenes  maxillosa  provisions  its  cells  with  the  larvse  of 
Prodenia,  the  Egyptian  cotton-worm. 

VESPIDiB. 

Wasps. 

Wings  folded  longitudinally ;  middle  tibiae  with  two 
apical  spurs.   Claws  simple. 

Although  this  family  contains  barely  600  species,  wasps  are 
generally  abundant  in  all  parts  of  the  temperate  and  tropical 
regions  of  the  world. 

Wasps  are  moderate-sized  insects  and  almost  invariably 
exhibit  warning  colours,  usually  a  combination  of  yellow  and 
black,  or  reddish-brown  and  yellow.  They  are  usually  more 
heavily  built  than  Eumenids  and  possess  great  strength  and 
considerable  powers  of  flight. 

The  antennae  are  of  moderate  length,  elbowed,  with  a  long 
basal  joint  (scape),  and  are  twelve-jointed  in  the  queen  and 
worker  and  thirteen-jointed  in  the  male.  The  mouth-parts 
are  well  adapted  for  biting  and  sucking,  the  mandibles  being 
strong  and  generally  toothed ;  the  maxiUae  have  a  long  outer 
lobe  and  a  six-jointed  palp.  The  hypopharynx  is  bilobed, 
rather  short,  and  in  conjunction  with  the  outer  lobes  of  the 
labium  (paraglossae)  forms  an  efficient  lapping  tongue ;  the 
labial  palps  are  four-jointed.  The  compound  eyes  are  large 
and  in  some  forms  reach  down  to  the  base  of  the  mandibles. 
The  thorax  is  stout,  the  pronotum  reaching  back  to  the  tegulse. 
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The  abdomen  yaries  in  shape,  the  petiole  being  long  and 
narrow  in  most  genera,  but  in  Vespa  and  Polistes  it  is  very 
short ;  dorsally  there  are  seven  visible  abdominal  segments 
in  the  male  and  six  in  the  queen  and  worker.  The  latter  forms 
are  provided  with  a  sting,  which  in  some  of  the  larger  species 
is  very  severe  indeed.  It  should  be  borne  in  mind,  however, 
that  the  sting  in  these  insects  is  only  used  as  a  weapon  of 
defence  and  not  of  offence,  as  is  the  case  with  the  digger- 
wasps  "  and  EumenidcB,  The  social  wasps  are  harmless  enough 
if  their  nests  are  not  disturbed. 

There  are  generally  three  castes  of  social  wasps,  viz.  : 
queens  "  or  fertile  females,  "  workers  "  or  sterile  females, 
and  males. 

The  male  is  the  product  of  the  unfertilized  egg,  and  the  female 


Fig.  177. — ^Larva  of  Vespid  (Vespa  germanica). 


that  of  the  fertilized  egg  ;  larvae  which  are  destined  to  become 
queens  are  provided  with  more  food  than  those  which  are  to 
become  workers.  The  workers  differ  from  the  queens  in  being 
smaller  and  in  having  the  ovaries  reduced.  Under  certain 
circumstances,  such  as  the  premature  death  of  the  queen,  the 
workers  can  become  fertile  and  lay  eggs,  but  as  they  are 
structurally  incapable  of  being  fertilized  by  a  male,  the  product 
of  these  eggs  is  always  of  the  male  sex. 

The  life-history  of  the  Vespidce  varies  considerably  according 
to  the  genus  and  climatic  conditions.  In  Britain,  however, 
the  domestic  economy  of  the  wasps  is  very  uniform.  The 
queen  wasp  commences  to  lay  the  foundations  of  a  nest  towards 
the  end  of  May ;  the  site  of  the  nest  may  be  in  the  ground  or 
suspended  from  the  branch  of  a  tree  or  bush.  The  material 
selected  for  the  nest  is  wood-j&bre  reduced  to  a  pulp  by  the 
jaws  of  the  insect,  to  form,  when  spread  out,  a  substance  very 
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like  paper.  When  a  certain  number  of  cells  have  been  com- 
pleted a  fertilized  egg  is  laid  in  each  ;  the  eggs  hatch  in  due 
course  to  legless  and  fleshy  larvae,  which  are  fed  by  the  queen 
on  the  juices  of  insects  and  on  saccharine  matter.  When  full 
grown  the  larvae  spin  a  silken  cap  over  the  mouth  of  the  cell 
and  pupate,  the  perfect  insects  emerging  soon  after.  For  the 
first  two  months  or  so,  only  workers  are  produced,  but  towards 
the  middle  of  August  males  and  queens  appear;  with  the 
advent  of  cold  weather  in  September  and  October  the  colony 
languishes,  and  the  young  queens,  which  may  number  300  or 
more,  pair  and  seek  winter  retreats  under  the  bark  of  trees 
or  in  some  convenient  position  in  houses  and  sheds.  Shortly 
afterwards  the  males,  workers,  and  the  old  queen  die,  and  the 
whole  cycle  commences  again  next  spring.  The  wasp  com- 
munities are  thus  strictly  annual  in  this  country. 

The  food  of  the  adult  insects  is  varied  ;  they  are  predaceous 
and  are  also  exceedingly  fond  of  saccharine  substances. 

There  are  seven  species  of  wasps  found  in  Britain ;  they  all 
belong  to  one  genus — Vespa — and  include  the  hornet  {Vespa 
crabro),  an  insect  which  has  become  scarce  in  recent  years 
except  in  the  New  Forest,  Hampshire,  where  it  is  more  or 
less  undisturbed. 

The  Vespidce  have  been  monographed  by  Dalla  Torre  in 
Genera  Insectorum,  Fasc.  19  (1904).  Saussure  has  also  mono- 
graphed the  social  wasps  (1858). 

In  the  early  months  of  the  year,  wasps  destroy  enormous 
numbers  of  caterpillars  and  Diptem  for  the  purpose  of  feeding 
their  larvae;  saw-fly  larvae  and  Noctuid  moths  are  also 
attacked. 

On  the  other  hand  wasps  do  considerable  damage  to  fruit, 
apples,  pears  and  plums  being  particularly  affected. 

In  England  the  wasp  probably  does  more  good  than  harm, 
though  it  is  difficult  to  make  the  farmer  and  fruit-grower 
realize  this. 

Vespa  orientalis  is  useful  as  a  destroyer  of  the  Egyptian 
cotton-worm,  but  these  large  hornets  occasionally  do  mis- 
chief in  India  when  they  confine  their  attentions  to  silk- 
worms. 

Generally  speaking,  the  economic  value  of  Vespidce  depends 
on  the  crops  that  are  grown  in  the  neighbourhood.    In  fruit- 
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growing  countries  they  are  probably  pests  ;  whereas  in 
countries  where  cotton,  and  other  crops  which  suffer  from  the 
attacks  of  caterpillars,  are  grown,  the  wasps  must  be  regarded 
as  beneficial  insects. 

Masartdje. 
Antennae  usually  clubbed. 

This  family,  which  consists  of  ten  genera,  appears  to  be 
widely  distributed,  though  scarce.  They  have  been  recorded 
from  S.  Europe,  N.  Africa  and  Egypt,  Brazil,  Mexico,  the 
southern  states  of  the  U.S.A.,  and  AustraKa. 

The  antennae  are  short,  the  terminal  joints  forming  a  more  or 
less  distinct  club.  The  wings  are  often  pigmented,  the  anterior 
pair  not  being  folded  longitudinally,  or  if  so,  only  imperfectly. 
The  intermediate  tibiae  are  armed  with  two  terminal  spiurs, 
and  the  claws  of  the  tarsi  are  usually  notched.  The  abdomen, 
which  is  large  and  stout,  is  attached  to  the  thorax  by  a  very 
short  petiole  ;  the  general  colour  scheme  is  black,  marked  with, 
yellow  and  red. 

Very  little  is  known  of  the  habits  of  these  insects  ;  Celonites 
is  known  to  build  cells  of  earth  fixed  to  plants. 

Dalla  Torre  has  monographed  the  family  in  Genera  Insec- 
torum.  Ease.  19  (1904),  and  classifies  the  Enmenidce,  Vespidce^ 
and  Masaridce  as  sub-families  of  the  one  family,  Vespidce. 


Group  VIII.    SPHECOIDEA,  Digger-wasps. 

Pronotum  not  reaching  the  tegulae  ;    posterior  legs  short. 

The  fourteen  famihes  which  constitute  this  group  were 
previously  classified  under  one  family — Sphegidce,  The 
Sphecoidea  may  be  distinguished  from  the  Vespoidea,  which 
they  resemble  closely,  by  the  pronotum  not  reaching  back  to 
the  tegulae. 

The  group  will  be  dealt  with  here  as  a  whole,  but  notes 
on  the  food-habits  of  the  more  important  genera  will  be 
mentioned.  The  following  is  a  list  of  the  families,  appended 
for  reference  purposes  :    Ampnlicidce,  Nyssonidce,  Psenidce, 
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Oxybelidce,  Crabronidce,  Philanthidce,  Trypoxylonidce,  Mellinidce, 
Sphecidce,  Larridce,  Astatidce,  Pemphredonidce,  Bembicidce, 
Cerceridce. 

The  Sphecoidea  is  a  very  extensive  group,  representatives 
being  found  in  nearly  all  parts  of  the  world. 

The  external  structure  of  the  group  is  fairly  uniform ;  the 
characters  of  the  famiUes  are  based  largely  on  the  wing  vena- 
tion, the  shape  of  the  labrum  and  eyes,  the  petiole,  and  on 
minor  thoracic  characters.  In  all  the  families,  however,  the 
pronotum  is  transverse  and  does  not  reach  back  to  the  tegulae. 

The  antennae  are  rather  short  and  often  curled.  The  legs 
are  also  comparatively  short,  the  middle  tibiae  being  armed 
with  one  or  two  terminal  spurs.  The  petiole  is  very  short 
in  some  forms  (Bembicidoe),  but  long  and  narrow  in  others 
(Sceliphron,  Ammophila,  etc).  The  sexes  can  always  be 
readily  distinguished,  the  females  being  provided  with  a 
sting.  A  curious  modification  of  the  legs  is  found  in  some 
male  Crabronidcey  the  anterior  tibiae  being  flattened  out,  so  as 
to  form  a  plate-like  organ. 

The  life-history  of  these  digger-wasps  is  fairly  uniform 
throughout  the  group.  Both  sexes  are  represented,  but  there 
is  no  worker  caste,  the  females  alone  providing  for  the  future 
generation.  The  female  wasps  store  up  insects  or  spiders  in 
mud  cells  or  in  burrows  in  the  ground,  somewhat  after  the 
manner  of  the  Eumenidce  and  Pompilidce.  The  prey  that  is 
selected  for  the  young  ranges  from  crickets  and  caterpillars  to 
Aphids.  One  of  the  most  interesting  species  is  Sceliphron 
madraspatanum  ;  the  life-history  of  this  insect  and  many  other 
solitary  wasps  has  been  worked  out  by  Dutt  (1912).  The 
female  Sceliphron  selects  a  suitable  site,  often  in  houses,  and 
constructs  there  about  six  or  seven  mud  cells  in  which  are  stored 
spiders,  previously  paralysed  by  the  wasp's  sting.  Dutt 
states  that  the  wasp  lays  its  egg  on  the  first  spider  in  the  cell, 
so  that  the  larva  on  devouring  it  commences  on  the  one  above 
it  imtil  all  the  spiders  have  been  accounted  for ;  the  wasp 
larva  is  then  mature,  with  its  head  nearest  the  exterior. 
Pupation  takes  place  in  a  silken  cocoon  in  the  cell,  the  perfect 
insect  emerging  about  two  weeks  later. 

With  regard  to  the  prey  that  is  selected  by  the  wasps  for 
the  young,  almost  every  Idnd  of  insect  appears  to  be  suitable. 
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Tor  instance,  species  of  Sphex  generally  catch  crickets  and 
locusts ;  Ammophila,  caterpillars ;  Sceliphron  and  Trypoxylon, 
spiders ;  Bembex,  Crabro  and  Mellinus  attack  Diptera,  the 
former  frequently  attending  horses  and  other  animals  for  the 
purpose  of  catching  Tabanidce.  AmpuUx  and  Astaia  are 
known  to  attack  cockroaches  ;  the  latter  is  also  predatory  on 
Pentatomidce.  Tachytes  prefers  Orthoptera,  and  in  some  cases 
they  have  been  known  to  attack  Mantids.  Various  beetles 
of  the  families  Cwculimidce,  Chrysomelidce,  etc.,  are  attacked 
by  species  of  Cerceris  ;  Philanihus  selects  the  formidable  hive- 
bee  as  its  victim  ;  on  the  other  hand,  Psen  and  Pemphredon 
catch  such  easy  prey  as  Psyllids  and  Aphids  respectively. 

The  Sphecoidea  are  much  subject  to  the  attacks  of  Chrysids, 
Tachinids,  Mutillids,  and  Ichneumons. 

There  are  nmety-three  species  recorded  in  Saunders's  cata- 
logue of  British  Aculeate  Hymenoptera. 

Although  the  Sphecoidea  have  not  been  monographed  in 
Genera  Insectorum,  there  are  several  books  relating  to  the  habits 
of  these  insects,  the  most  notable  being  Peckham's  Instincts 
and  Habits  of  the  Solitary  Wasps,  1898.  This  work  also  includes 
the  Pompilidce. 

Although  the  domestic  economy  of  the  Sphecoidea  is  fairly 
uniform,  the  prey  that  is  selected  for  the  young  is  extremely 
varied,  so  that  it  is  difficult  to  determine  the  economic  value 
of  the  group.  Those  families  which  provision  their  nests  with 
Aphids  and  cockroaches  are  no  doubt  beneficial  insects. 
Sceliphron  and  Trypoxylon  have  been  described  as  injurious, 
as  they  destroy  large  numbers  of  spiders  ;  though  until  it  has 
been  proved  that  spiders  appreciably  reduce  the  numbers  of 
destructive  insects,  these  interesting  wasps  can  hardly  bo 
termed  injurious  insects. 

Group  IX.    APOIDEA.    {Anthophila.)  Bees. 

Some  hairs,  especially  those  on  the  thorax,  branched  or 
plumose.   First  joint  of  the  hind  tarsi  enlarged  or  dilated. 

This  group  of  insects,  known  as  Bees,"  is  very  well  defined 
indeed. 

The  classification,  however,  is  somewhat  complex.  Originally 
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all  bees  were  placed  in  one  family,  Apidce  ;  later  on,  the  genera 
Prosopis  and  Colletes  were  separated  from  the  rest  and  placed 
in  a  separate  family  called  Colletidce,''  the  justification  for 
this  being  that  the  bees  belonging  to  these  genera  have  a 
short  and  broad  tongue  as  compared  with  the  long  tongue 
of  the  true  Apidce.  Saunders  in  his  catalogue  of  British 
Aculeate  Hymenoptera  recognized  three  families,  Golleiidce, 
Andrenidce,  and  Apidce.  More  recently,  however,  some 
seventeen  genera  have  been  promoted  to  family  rank ;  in  a 
general  way  these  families  are  fairly  distinct  both  in  structure 
and  habits. 

The  group  will  be  dealt  with  here  as  a  whole,  but  a  list  of 
the  families  is  appended  for  reference  : — HalictidcB^  Andrenidce, 
Dufoureidce,  Nomiidce,  Macropidce,  Panurgidce,  Nomadidce, 
Euceridoe,  Umphoridce,  Anthophoridce,  Hylceidce,  Colletidce, 
Stelididce,  Megachilidce,  Cemtimdce^  Xylocopidce,  Apidce. 

Bees  are  widely  distributed  throughout  the  temperate  and 
tropical  regions  of  the  world ;  although  these  insects  are  so 
common  and  familiar,  the  actual  number  of  species  in  the 
group  is  less  than  one-third  of  the  number  of  Chalcidoidea. 

The  external  characters  of  the  group  are  fairly  uniform  ; 
wings  are  always  present  in  the  perfect  insects  and  are  rather 
small  in  comparison  with  the  rest  of  the  body.  The  head  is 
rather  large ;  very  large  in  the  Megachilidce.  The  antennae 
are,  with  few  exceptions,  short  and  strongly  elbowed.  The 
mouth-parts  are  very  well  developed  in  the  flower  visiting 
species,  especially  in  the  Apidce.  The  structure  and  mechanism 
of  the  mouth-parts  of  the  hive-bee  {Apis  mellifica)  have  been 
treated  in  great  detail  by  Cheshire,  so  that  only  a  brief  account 
of  these  organs  need  be  given  here.  The  mandibles  in  the 
worker  hive-l5ee  have  their  margins  entk^e,  and  form  useful 
implements  for  moulding  the  wax,  but  those  of  the  queen  and 
male  are  toothed.  The  maxillae  consist  of  a  strong  basal 
portion  and  a  long  flattened  outer  lobe  (galea),  the  maxillary 
palp  and  the  inner  lobe  being  vestigial.  The  labium,  however, 
is  the  most  specialized  organ  in  the  mouth ;  the  hypopharynx 
is  extremely  long,  grooved,  but  not  tubular,  and  covered  with 
parallel  rows  of  small  flattened  hairs ;  on  each  side  of  the 
hypopharynx  lie  the  rather  smaU  paraglossae  (outer  lobes  of 
the  labium),  and  then  the  long  four-jointed  labial  palps. 


HYMENOPTERA 


517 


which,  combmed  with  the  maxillae  and  hypopharynx,  form 
a  kind  of  sucking-tube. 

In  the  lower  bees  such  as  Prosopis  and  allied  genera  the 
mouth-parts  are  reduced ;  the  hypopharynx  is  short  and 
broad  and  the  maxillary  and  labial  palps,  which  are  six-jointed 
and  four-jointed  respectively,  function  as  sensory  organs.  The 
first  joint  of  the  hind  tarsi  and  the  outer  surface  of  the  hind 
tibiae  are  frequently  dilated  to  form  a  pollen  basket.  Even 
in  the  cuckoo-bees  the  first  hind-tarsal  joint  is  abnormally 
enlarged,  although  the  pollen-carrying  apparatus  is  reduced 
or  absent.  The  thorax  is  generally  large,  robust,  and  very 
hairy  ;  the  abdomen  is  also  large  and  thick-set.  The  females 
are  provided  with  a  sting ;  and  although  this  weapon  is  seldom 
employed,  it  is  severe  enough  in  some  species,  but  very  feeble 
in  others  ;  it  is  quite  abortive  in  some  of  the  social  forms 
[Melipona). 

The  sexes  can  be  readily  distinguished,  the  males  having 
seven  abdominal  segments  and  thirteen  joints  in  the  antennae, 
while  the  females  have  only  six  abdominal  segments  and 
twelve  joints  rn  the  antennae,  besides  being  furnished  with  a 
sting. 

The  life-history  of  the  Apoidea  falls  into  two  main  classes : 
(1)  the  flower- visiting  bees,  which  make  cells  and  store  up  honey 
and  pollen;  and  (2)  the  ''cuckoo-bees,"  which  live  at  the 
expense  of  the  former  industrious  insects.  Only  a  brief 
account  of  the  habits  of  the  flower-visiting  bees  can  be  given 
here,  as  the  domestic  economy  of  the  families  differs  so 
widely. 

In  the  ftrst  family  on  the  list,  the  Halictidce,  we  find  in  the 
genus  Haliqtus  bees  which  are  communal  in  habit ;  many 
species  nest  in  the  ground,  several  bees  combining  to  form  a 
common  entrance  and  main  burrow,  after  which  each  indi- 
vidual constructs  in  side  galleries  its  own  group  of  cells.  These 
cells  are  provisioned  with  honey  and  pollen,  and  when  a  requisite 
amount  has  been  accimiulated  an  egg  is  laid  in  each  and  the 
cell  closed.  On  hatching,  the  young  larva  feeds  on  the  stored 
provisions,  and  when  mature  pupates  in  the  cell. 

In  England  both  sexes  emerge  in  the  summer,  and  having 
paired,  the  males  die  while  the  females  go  into  hibernation  to 
reappear  the  following  April  and  commence  a  fresh  colony. 
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The  life-Mstory  of  Andrena,  of  the  Andrenidce,  is  somewhat 
similar,  "but  though  the  species  of  this  genus  are  decidedly 
colonial,  the  communal  habits  observed  ia  Halictus  are  not  in 
evidence.  La  the  British  Andrena  fulva  both  sexes  appear 
m  AprU,  the  individual  females  making  their  own  burrows  and 
constructing  their  own  cells,  which  are  provisioned  in  a  similar 
manner  to  the  above.  The  young  larvae  feed  up  rapidly  and 
pupate  in  due  course,  the  perfect  insects  emerging  shortly 
afterwards ;  unHke  Halictus,  both  sexes  remain  as  adults  in 
the  ground  throughout  the  summer  and  winter,  not  leaving 
their  burrows  tUl  the  spring. 

In  the  genus  Nomada  are  to  be  found  bees  which  live  at  the 
expense  of  other  bees  ;  the  common  British  Nomada  ruficornis 
is  a  ''cuckoo  "  of  the  equally  common  Andrena  fulva.  The 
former  bears  a  great  resemblance  to  some  of  the  Sphecoidea,  in 
that  it  is  slender,  narrow-waisted,  and  almost  naked,  and  in 
being  yellow-  and  black-banded.  The  Nomada  appears  in 
spring  at  the  same  time  as  its  host,  enters  its  burrow,  and 
deposits  an  egg  in  the  provisioned  cell  of  the  Andrena.  The 
Nomada  larva  on  hatching  feeds  rapidly,  with  the  result  that 
the  Andrena  larva  dies  of  starvation ;  very  rarely  both  host 
and  cuckoo  reach  maturity. 

The  Anthophoridce  are  well  represented  in  England  by 
AntJiophora  pilipes ;  it  is  a  common  insect  in  spring  in  most 
parts  of  the  country.  The  sexes  differ  widely,  the  male  being 
yellowish-brown  with  the  intermediate  tarsi  clothed  with  long 
silky  hairs,  while  the  female  is  black  all  over  except  in  the  hairs 
of  the  hind  tibiae  and  tarsi,  which  are  bright  yellow.  These 
bees  nest,  sometimes  in  large  colonies,  in  burrows  in  the  sides 
of  sand-pits,  banks,  etc.  The  cells  are  stored  in  the  usual  way 
with  honey  and  pollen.  Melecta  armata  is  a  well-known 
cuckoo-bee  which  lives  at  the  expense  of  AntJiophora.  The 
Colletidce  are  represented  by  two  common  British  genera, 
Colletes  and  Prosopis ;  they  may  be  distinguished  from  other 
bees  by  their  short  bilobed  hypopharynx.  Colletes  nests  in 
sandy  places,  often  in  large  numbers,  and  lines  its  ceEs  with 
a  slimy  substance  which  hardens  to  form  a  more  or  less 
waterproof  membrane.  Prosopis  bears  no  external  resem- 
blance to  Colletes,  and  is  black,  slender,  and  almost  naked. 
The  insect  is  not  weU  adapted  for  pollen-collecting  ;  it  makes 
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its  cells  in  the  ground,  in  old  walls,  or  in  bramble  stems, 
and  provisions  them  in  the  usual  manner. 

Included  in  the  Stelididce  is  Stelis  minuia,  which  is  parasitic 
on  a  species  of  Osmia.  According  to  Verhoeff  the  Stelis  lays 
an  egg  in  the  provisioned  cell  of  the  host.  The  egg  of  Stelis  is 
placed  at  a  different  level  to  that  of  the  host,  so  that  both 
larvae  hatch  out  and  commence  feeding  on  the  provisions  until 
they  are  consumed ;  the  Stelis  larva  then  settles  the  matter 
by  killing  and  eating  the  Osmia,  Another  species  of  Stelis 
lives  at  the  expense  of  Chalicodoma^the  "  Mason-bee."  The 
bees  in  the  family  Megachilidce  collect  pollen,  not  on  the  hind- 
legs,  but  on  the  under-side  of  the  abdomen.  Among  the 
most  interesting  are  the  leaf-cutting  bees  belonging  to  the 
genus  Megachile.  These  insects  tunnel  in  the  ground  or  in 
decayed  wood  and  make  their  cells  of  fragments  of  leaves, 
chiefly  from  rose  trees.  The  pieces  of  leaf  are  cut  out  by  the 
female  bee  and  carried  to  the  nest,  where  they  are  cemented 
together  to  form  the  lining  of  the  cell.  The  cells,  which  are 
provisioned  with  honey  and  pollen,  are  placed  end  to  end  in 
the  wood. 

Some  of  the  tropical  species  of  Megachile  use  clay  instead  of 
leaves,  and  nest  in  bamboo  stems,  or  in  any  convenient  tubular 
cavity,  in  houses.  Megachile  is  the  host  of  various  species  of 
cuckoo-bees  of  the  genus  Ccslioxys. 

In  the  same  family  may  be  included  the  species  of  Osmia, 
The  habits  of  these  little  bees  are  so  diverse,  not  only  in  closely 
allied  species,  but  even  in  any  one  species,  that  a  detailed 
description  here  is  impossible.  Like  Megachile,  Osmia  collects 
pollen  on  the  under-side  of  the  abdomen.  Osmia  is  not  par- 
ticular as  to  where  it  forms  its  cells  ;  they  have  been  found  in 
holes  in  walls  and  banks,  in  locks  on  doors,  in  snail-shells  or 
in  bramble-stems. 

The  life-history  of  Ceratina  viridissima  (family  Ceratinidce) 
in  India  has  been  studied  by  Dutt  in  some  detail  {Mem.  Dept 
Agr.  India,  Vol.  IV,  No.  4,  1912).  The  bees  exhibit  brilliant 
metallic  colours,  and  have  few  hairs.  The  female  bee  tunnels 
in  reed  stems,  bamboos,  etc.,  and  constructs  therein,  a  series 
of  cells,  each  separated  by  a  plug  of  plant-fibre.  These  cells 
are  provisioned  in  the  usual  way  with  honey  and  pollen  an 
egg  being  laid  in  each.   According  to  Dutt  the  complete  life- 
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history  from  egg  to  imago  occupies  from  twenty-four  to  thirty- 
five  days.  One  species  of  Ceratina  is  found  in  Britain,  but  it 
is  rare. 

The  Xylocopidce  are  large  insects  and  are  commonly  named 

Carpenter-bees."  They  nest  in  dry  timber  or  reeds,  forming 
galleries  in  which  they  construct  their  cells.  The  cells  are 
separated  from  one  another  by  plugs  of  sawdust  cemented 
together.  The  cells  are  stored  ia  the  usual  way  with  pollen ; 
there  is  generally  only  one  brood  a  year  in  Europe.  Xyhcopa 
violacea  is  found  as  far  north  as  Paris,  and  has  once  occurred 
in  England,  but  was  probably  imported  from  the  Contiaent. 
The  bees  belonging  to  this  family  are  among  the  largest  and 
most  brightly  coloured  Apoidea  in  the  world. 

The  Apidce  include  Bombus,  the  "  Bumble-bees,"  Psithyrus 
their  cuckoos,  and  the  honey-bees,  both  wild  and  domesticated. 

The  life-history  of  the  bumble-bees  has  been  fully  worked 
out  by  Sladen  ;  it  is  not  unhke  that  of  our  social  wasps  in  that 
the  colonies  are  annual.  The  fertilized  queen  bee  emerges 
from  its  winter  retreat  in  spring  and  founds  a  nest  either  on 
the  ground  or  in  a  deserted  mouse-hole ;  the  situation  varies 
according  to  species.  The  nest  consists  of  moss  or  dry  grass, 
in  the  centre  of  which  the  waxen  cells  are  placed.  Only 
workers  are  produced  in  the  early  months  of  the  year,  but  later 
on  males  and  young  queens  make  their  appearance.  With 
the  advent  of  cold  weather  the  young  .queens  burrow  into  the 
ground  to  pass  the  winter,  the  males,  workers,  and  the  old  queen 
dying. 

Bumble-bees  are  very  industrious,  collecting  honey  and 
pollen  from  dawn  till  dusk ;  they  are  useful  insects,  as  they 
can  fertilize  red  clover  and  other  flowers  with  deep-seated 
nectaries. 

The  next  genus  to  be  considered  is  Psithyrus ;  they  are  cuckoos 
of  Bombus,  the  queens  entering  the  early  nests  of  the  latter 
and  laying  eggs  in  their  cells.  Psithyrus  resembles  Bombus  to 
a  great  extent  in  being  large  and  hairy,  and  banded  with  yellow 
or  red  and  black.  They  may  be  distinguished  from  Bombus 
in  having  the  outer  surface  of  the  hind  tibia  convex  and  hairy, 
while  Bombus  has  this  portion  of  its  anatomy  flattened  and 
shining.  The  wings  of  Psithyrus  are  often  smoky  or  iridescent. 
The  Psithyrus  queen  (or  rather    female,"  as  there  is  no  worker 


HYMENOPTERA 


521 


caste)  hibernates  as  an  adult  in  the  ground  and  emerges  in 
spring  to  search  for  nests  of  Bombus  ;  each  species  of  Psithyrus 
is  generally  attached  to  one  species  of  Bombus^  which  it  mimics 
closely.  Having  found  the  nest  of  the  host,  the  Psithyrus  kills 
the  Bombus  queen,  provided  that  there  are  sufBlcient  workers 
in  the  nest  to  rear  the  inquiline's  larvae.  On  the  death  of  the 
Bombus  queen,  the  Psithyrus  reigns  supreme  until  the  end  of 
the  season,  when  the  males  and  females  leave  the  nest  and  pair, 
the  former  dying  and  the  latter  going  into  hibernation.  As 
the  Bombus  queen  is  killed  early  in  the  season,  no  males  or 
queens  are  reared  from  a  P6i<%m<s-infested  nest. 

The  next  insects  under  consideration  are  the  hive-  or  honey- 
bees ;  these  belong  to  the  genus  Apis,  of  which  the  most 
important  species  is  Ajpis  melUfica — ^the  common  hive-bee.  This 
bee  probably  originated  in  South  Europe,  being  introduced 
into  Britain  and  America. 

A  bee  community  normally  consists  of  one  functional  queen 
and  several  thousand  workers,  males  or  drones  "  being  pro- 
duced at  certain  times  of  the  year.  Young  queens  are  also 
produced,  but  i£  the  community  is  comparatively  small,  these 
young  queens  are  stung  to  death  by  the  old  queen  ;  it  is  inter- 
esting to  note  that  the  sting  of  the  queen  bee  is  curved  down- 
wards, while  that  of  the  worker  is  straight. 

If  however  the  colony  is  getting  too  large  for  the  hive  or 
nest,  the  young  queens  are  protected  by  the  workers  from  the 
attacks  of  the  old  queen.  Then  the  phenomenon  of  swarm- 
ing "  occurs.  This  is  the  exodus  from  the  hive  of  the  old  queen 
accompanied  by  several  thousand  workers ;  these  seek  new 
quarters  and  commence  a  fresh  colony. 

One  of  the  young  unfertilized  queens  in  the  hive,  having 
killed  the  others,  leaves  it  for  her  nuptial  flight,  when  she 
is  fertilized  by  a  drone  bee.  Although  many  drones  are 
produced,  only  one  is  necessary ;  but  it  is  interesting  to  note 
that  it  is  the  strongest  and  swiftest  drone  that  succeeds  in 
pairing  with  the  queen,  so  that  in  all  probability  his  strength 
and  flying  powers  will  be  transmitted  to  the  young.  The 
fertilized  yoxmg  queen  returns  to  the  hive  and  commences  to 
take  up  her  duties.  Now  that  the  drones  have  fulfilled  their 
purpose  in  life,  they  are  killed  by  the  workers,  as  they  do  no 
work  in  the  hive,  and  would  only  consume  food  required  for 
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the  winter.  This  is  briefly  the  social  economy  of  the  hive-bee, 
but  there  are  many  other  interesting  details  concerning  swarm- 
ing, etc,  which  it  is  impossible  to  give  here.  It  should  be 
noted  that  the  hive-bee  commnnities  are  not  annual,  as  is  the 
case  with  Bombus  and  Vespa,  but  the  queen  and  a  certain 
number  of  workers  live  through  the  winter  and  start  collecting 
pollen  in  April ;  a  fine  sunny  day  in  February  or  March,  how- 
ever, will  tempt  them  out. 

The  life-history  of  the  hive-bee  is  somewhat  similar  to  that 
of  the  other  Apoidea ;  the  eggs  are  laid  in  wax  cells  made  by 
the  workers,  and  the  larvae  are  fed  on  honey  and  pollen.  Larvse 
destined  to  become  queens  are  reared  in  larger  cells  and 
are  fed  on  a  more  nutritious  substance  known  as  "royal 
jelly." 

The  time  taken  to  complete  the  life-history  from  egg  to 
worker  is  about  three  weeks,  slightly  less  for  a  queen,  and  more 
for  a  drone. 

There  are  several  distinct  races  or  varieties  of  Apis  mellifica 
which  are  worth  mentioning  ;  of  these  the  most  important  are 
the  Italian  bee — ligustica — and  the  Cyprian  bee — fasciata — 
which  comes  from  the  Eastern  Mediterranean  and  Egypt ;  these 
varieties  interbreed  freely. 

There  are  three  species  of  Apis  worthy  of  note  from  India. 
Apis  dorsata  is  a  large  species,  very  savage  in  disposition,  and 
is  only  semi-domesticated  in  parts  of  India,  but  they  yield 
good  honey  and  wax.  It  builds  a  large,  single  comb,  some- 
times several  feet  across. 

Apis  indica  is  smaller  than  the  above  and  seems  to  be  more 
amenable  to  domestication, 

Apisflorea  is  quite  small,  and  makes  a  single  comb  suspended 
from  the  branch  of  a  tree  ;  the  workers'  cells  are  on  top  of  the 
comb,  the  drone  and  queen  cells  being  placed  at  a  lower  level. 
The  combs  are  too  small  to  be  of  real  economic  value. 

As  yet  there  is  no  reference  in  Genera  Inseciornm  relating 
to  any  of  the  famihes  of  the  Apoidea.  Saunders  has  listed 
the  British  species  in  the  Transactions  of  the  Entomological 
Society  of  London  (1882-1884) ;  this  author  has  also  described 
the  life-histories  of  some  of  the  commoner  British  bees  in  the 
work  entitled  Wild  Bees,  Wasps  and  Ants. 

The  domestic  economy  and  morphology  of  the  British 
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species  of  Bombus  and  Psithyrus  have  been  studied  in  great 
detail  by  Sladen  in  The  Humble  Bee  (1912). 

Tte  British,  species  of  Apoidea  number  about  212. 

There  are  no  pests  in  this  group :  the  utiKty  of  the  hive-bee 
in  supplying  honey  and  wax  is  well  known  to  everyone  ;  in  the 
pollination  of  flowers,  however,  the  bees  are  of  still  greater 
service.  Some  species  of  MegachiU  have  sometimes  been 
recorded  as  being  injurious  to  rose  trees,  but  the  actual  damage 
that  is  done  is  negligible. 

Group  X.    FORMICOIDEA.    (Heterogyna.)  Ants. 

First  abdominal  segment  (and  sometimes  second 
abdominal  segment)  forming  a  node  or  scale  strongly 
differentiated  from  the  remaining  abdominal  segments. 

The  Formicoidea  cannot  be  confused  with  any  other  group 
of  Hymenoptera.  The  insects  belonging  to  this  group  are 
among  the  commonest  and  most  numerous  creatures  in  the 
world. 

Ants  are  mostly  social — males,  females,  and  workers  being 
usually  represented — hence  the  old  name  Heterogyna,'' 
referring  to  the  two  forms  of  the  female. 

Unlike  the  other  large  groups  of  Hymenoptera,  the  classifi- 
cation is  very  simple,  there  being  but  one  family — Formicidce — 
with  five  sub-families. 

EORMICID^. 

Ants  are  widely  distributed  and  common  in  nearly  all  parts 
of  the  world. 

The  head  is  large  in  proportion  to  the  rest  of  the  body,  but 
the  size  varies  considerably  according  to  caste.  The  antennae 
are  very  strongly  elbowed  in  the  ?  and  9  and  often  clubbed. 
The  mandibles  are  usually  very  strong,  many-toothed,  and  can 
act  independently  of  the  other  mouth-parts.  The  maxillse,  which 
have  both  an  outer  and  an  inner  lobe,  bear  a  one-  to  six-jointed 
palp.  In  the  thorax  the  median  segment  or  epinotum,"  as 
it  is  often  termed,  is  well  developed.  Both  males  and  females 
are  usually  provided  with  wings,  though  in  some  species  the 
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male  is  wingless,  and  in  others,  but  more  rarely,  the  female  also 
is  wingless;  workers  are  never  winged. 

The  articulation  of  the  abdomen  to  the  median  segment 
is  of  considerable  importance  to  the  taxonomist.  The  first 
abdominal  segment  (petiole)  is  shaped  like  a  knot  or  a  flat 
scale,  at  the  base  of  which  is  attached  the  second  abdominal 
segment :  the  segments  following  the  petiole  constitute  the 
gaster.  In  the  Myrmicince  and  some  Dorylince,  the  second 
abdominal  segment  (post-petiole)  is  somewhat  similar  to  the 
petiole ;  in  this  ease  the  third  abdominal  segment  and  the 
succeeding  segments  constitute  the  gaster.    (Fig.  179.) 

The  sharp  differentiation  of  the  petiole  (and  the  post-petiole 
if  present)  from  the  gaster  is  the  best  character  for  identifying 
ants. 

The  females  and  workers  in  the  sub-families  Myrmicince, 
PonerincBy  and  Dorylince,  are  provided  with  a  serviceable  sting. 

The  sexes  can  be  distinguished  in  several  ways :  the  males 
generally  have  one  joint  more  in  the  antennae  than  the  females 
and  workers,  but  this  is  not  always  the  case.  The  eyes  of  the 
male  are  usually  larger,  the  body  more  slender,  and  the  man- 
dibles smaller  and  weaker  than  is  the  case  with  the  females 
and  workers.  The  most  obvious  distinction,  however,  is  the 
well-developed  genital  armature  of  the  male. 

In  most  species  of  ants  there  are  three  well-defined  castes, 
viz.  male,  female,  and  worker ;  in  a  few  cases  the  worker  is 
absent  (Anergates),  There  are,  however,  a  bewildering  series 
of  forms  of  each  caste  which  have  received  special  names. 
Intermediates  between  each  caste  are  known.  Ergatan- 
dromorph  "  is  the  name  applied  to  an  ant  which  exhibits  both 
male  and  worker  characters;  similarly  a  gynandromorpJi^' 
exhibits  male  and  female  characters. 

The  habits  of  ants,  especially  in  the  tropics,  are  so  diverse 
that  it  is  impossible  to  give  an  account  of  them  here.  Nearly 
all  ants  are  social,  often  making  huge  nests  containing  thousands 
of  individuals.  These  colonies  are  more  or  less  permanent  year 
after  year. 

At  certain  times  of  the  year,  winged  males  and  females  leave 
the  nest,  sometimes  in  great  numbers  ;  copulation  takes  place 
in  the  air,  and  when  the  insects  descend  to  the  ground  the  male 
detaches  himself  from  the  female  and  in  a  short  time  usually 
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dies  or  is  eatea  "by  birds.  The  female  steds  her  wings  and 
commences  to  fouiid  a  new  colony  hy  burrowing  into  tlie 
ground  or  selecting  some  other  suitable  q[uarters  under  stones 
or  behind  the  bark  of  trees,  etc.  Having  constructed  a  small 
chamber  she  lays  some  eggs,  and,  according  to  Wheeler, 
no-arishes  the  young  larvae  on  a  "  salivary  secretion  derived 
by  metsbbolism  from  her  fat-body  and  wing-muscles." 

The  first  batch  of  workers  are  smaller  than  nsual,  but  they 
carry  on  the  wort  of  the  nest,  enlarging  it  and  obtaining  food 
supplies  for  the  female  and  the  larvae.  Once  a  colony  has 
started,  the  female  does  no  more  work  in  the  nest,  but  lays 
eggs  for  a  period  of  several  years.  The  nests  of  ants  differ  from 
those  of  the  social  wasps  and  bees  in  that  no  combs  are  made 
for  the  larvae  ;  these  latter  have  no 


fixed  abode  and  are  constantly 
moved  from  place  to  place  by  the 
workers,  according  to  the  weather, 
etc.,  conditions  prevailing  at  the 
time. 

The  food  of  ants  is  extremely 
varied ;  most  of  them  are  scaven- 
gers, feeding  on  any  dead  or  dying 
insect  -which  they  may  happen  to 


encounter.    Some  species  of   Fo7-     Fig.  ns.—Poiyrhachis  sim- 
mica  s^nAHcitGn  have  a  weakness  for       Pupal  Cocoon. 
the  larvse  and  pup^e  of  other  ants. 

Aphids  and  Coccids  are  often  protected  by  ants  for  their 
"  honeydcTV."  Some  ants  feed  on  seeds  and  fruits,  and  in  the 
Attini  (Myrmicince)  the  insects  feed  on  the  hyphae  of  fungi, 
which  they  grow  on  leaves  or  some  other  suitable  medium. 

There  are  five  sub-famihes  in  the  Fcrmicida  : — Ponerince, 
DorylitKB,  Myrmicmoe,  Boliohcderma,  and  Camponotince. 

The  Ponerina,  which  are  considered  to  be  the  most  primitive 
ants,  appear  to  be  fairly  widely  distributed,  but  are  commonest 
in.  Austraha;  only  two  species  are  found  in  Britain.  These 
ants  are  furnished  with  a  sting  in  the  female  and  worker,  and 
the  pupae  are  enclosed  in  a  cocoon.  Only  one  abdominal  node 
is  present,  but  there  is  a  constriction  between  the  iSbcst  and 
second  gastric  segments. 

The  Dorylince  are  mostly  large  ants,  inhabiting  the  tropical 
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and  sut-txopical  regions,  none  being  found  in  Britain.  There 
is  generally  only  one  abdominal  node,  but  the  workers  of  JEciton 
and  JEnictus  have  two  ;  in  the  males  and  females  there  is  never 
more  than  one  node. 

The  clypeus  is  generally  much  reduced,  the  antennae  being 
inserted  near  the  front  margin  of  the  head.    The  male  is 

abnormally  large  in  com- 
parison with  even  the 
largest  worker.  The 
females  and  workers  are 
generally  bUnd. 

The  domestic  life  of 
the  Dorylmce  is  yery  un- 
like that  of  the  other 
sub-families :  the  colonies 
appear  to  have  no  fixed 
abode,  but  wander 
about,  taking  temporary 
lodgings  under  stones  or 
under  a  fallen  tree- 
trunk. 

In  this  sub-family  are 
to  be  found  the  ''driver- 
ants"  of  the  tropics; 
these  insects  in  the  course 
of  their  wanderings  fre- 
q[uently  enter  the  habi- 
tations of  man,  necessi- 
tating a  hasty  retreat ; 
but  the  ants  often  ren- 
der great  service  in 
clearing  houses  of  rats, 
cockroaches,  and  other 
vermin.  Only  animal  food  is  taken,  saccharine  and  farinace- 
ous food,  beloved  by  other  ants,  beiag  left  untouched.  The 
next  sub-family — the  Myrmioince — is  a  very  extensive  one 
indeed;  there  are  two  well-marked  abdominal  nodes,  and  the 
workers  are  generally  provided  with  an  efficient  sting.  The 
MyrmioincB  are  widely  distributed,  Britain  possessing  some 
seventeen  species.   Myrmica  mgmodis  is  one  of  our  com- 


Pig.  179. — Formicidce :  Basal  Segments  of 
Abdomen. 

A.  Mymiea  ruginodia  {^),  £.  Fomiea  mja  {^), 


HYMENOPTERA 


527 


monest  ants,  l)emg  found  in  gardens  and  in  uncultiyated 
ground  in  most  parts  of  the  country. 

In  the  Bolioloderma,  which  is  represented  in  England  by 
only  one  indigenous  species,  there  are  only  four  visihle 
ahdominal  segments  when  Yiewed  from  above  ;  the  sting  is 
generally  vestigial  and  the  pupae  are  not  enclosed  in  cocoons. 

The  jDolichoderiTiCB  is  a  small  snh-family,  and  may  be  passed 
over,  though  it  should  be  mentioned  that  it  includes  the 
famous  ^'Argentine  Ant  "  {Iridomyrmex  humilis). 

In  the  Camjponotmoe  are  to  be  found  the  most  specialized 
ants ;  the  insects  appear  to  be  widely  distributed  all  over  the 
world,  Britain  claiming  two  genera — Lasius  and  Formica, 
and  thirteen  species.  The  sting  is  reduced,  but  formic  acid 
can  he  ejected  from  the  abdomen  into  the  wound  made  by  the 
jaws  of  the  insect.  There  is  only  one  abdominal  node,  and 
there  are  five  abdominal  segments  visible  when  viewed  from 
above. 

Formica  njd  is  a  very  common  species  in  England,  where  it 
is  termed  the  "'Red  Ant  "  or  Wood-ant."  It  constructs  a 
large  mound  of  small  twigs,  grasses,  and  pine-needles. 

Formica  sanguinea  is  the  only  slave-making  ant  that  is 
found  in  Britain ;  it  raids  nests  of  Formica  fusca  and  allied 
species  and  carries  off  the  pupae  oijusca  to  its  own  nest.  When 
the  Juscd  workers  emerge,  they  carry  on  the  work  of  the 
sanguined  nest  in  apparent  ignorance  of  the  real  nature  of  their 
masters. 

CEco^JiyTld  smaragdina  is  the  common  red  ant  found  in 
India,  Africa,  and  the  East  generally.  Nests  are  made  in  trees, 
the  insects  binding  the  leaves  together  with  silk  obtained  from 
the  larvae ;  several  ants  combine  to  hold  the  leaves  together 
with  their  mandibles  and  legs,  while  other  workers  within  the 
nest  hold  their  larvae  in  their  mandibles  and  move  them  back- 
wards and  forwards  and  from  side  to  side  so  that  the  two  edges 
of  the  leaf  are  brought  together  by  a  network  of  silk  strands. 
The  ants,  though  they  are  sometimes  a  nuisance  and  bite 
severely,  are  energetic  insect-hunters.  Scale  insects  are  often 
maintained  in  captivity  by  ants,  as  their  excretions  are  greatly 
valued. 

The  Formicida  have  been  studied  in  great  detail  by  W.  M. 
Wheeler  in  Anis:  their  Structure,  Development  and  Behavior, 
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Columbia  University  Press  (1910).  The  following  sub-families 
have  been  treated  in  Genera  Insectorum  by  C.  Emery  : — Fasc. 
102  (1910),  Dorylince  ;  Fasc.  118  (1911),  Ponerince  ;  Ease.  137 
(1912),  Dolichoderince  ;  Ease.  174  (1922),  Myrmicince. 

There  are  thirty- three  species  of  ants  recorded  from  Britain 
according  to  H.  St.  J.  K.  Donisthorpe's  work  entitled  British 
Ants:  their  Life-history  and  Classification  (1915). 

Most  species  of  ants  are  beneficial  to  man  ;  they  remove 
dead  or  dying  insects,  and  the  driver  ants '(Dorj/Zmce)  effectually 
clear  houses  of  vermin,  besides  destroying  numbers  of  grass- 
hoppers and  locusts.  There  are  however  a  few  ants  which  are 
very  destructive ;  chief  among  these  is  the  Argentine  ant 
(Iridomyrmex  humilis).  As  its  name  implies,  this  insect 
originated  from  the  Argentine,  whence  it  was  imported  to  the 
Southern  States  of  America.  Lately  it  has  appeared  in  great 
numbers  in  Madeira  and  has  actually  come  to  Britain,  where  it 
established  colonies  in  a  house  in  Belfast ;  it  has  also  been 
found  in  Eastbourne.  It  is  in  America,  however,  that  its 
presence  is  most  troublesome  ;  not  only  is  it  a  household  pest, 
devouring  almost  everything  eatable,  but  it  protects,  for  the 
sake  of  honey-dew,  the  Aphids  and  Coccids  occurring  on  orange 
trees,  sugar  cane,  cotton,  and  other  plants. 

The  control  measures  adopted  have  been  fairly  successful. 
When  houses  are  infested,  tape  soaked  in  a  solution  of  corrosive 
sublimate  (mercuric  chloride),  and  fastened  round  the  legs  of 
beds  and  tables,  will  prevent  the  ants  ascending  :  dishes  con- 
taining naphthalene  or  mineral  oil  placed  under  the  legs  of 
furniture  has  a  similar  deterrent  effect.  To  prevent  the  ants 
ascending  trees,  grease-bands  containing  powdered  sulphur 
have  been  used  with  success.  Arsenical  syrups  have  also  been 
effective,  as  the  Argentine  ant  has  a  weakness  for  saccharine 
substances. 

For  further  information  concerning  the  Argentine  ant,  the 
Bulletios  of  the  U.S.  Dept.  Agr.  (Entomology)  should  be 
consulted. 

Some  of  the  fungus-growing  ants,  notably  Atta  temna,  do 
considerable  damage  to  vegetation  when  they  cut  off  leaves 
for  the  purpose  of  using  them  as  a  fungus-growing  medium. 
Cotton,  fruit  trees,  and  cereals  have  been  defoliated  by  these 
ants.    To  control  the  insects,  the  nests  should  be  located  and 
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a  solution  of  potassium  cyanide  iu  water  should  be  poured  into 


Garden  ants,  which  raise  unsightly  hiUs  and  are  generally  a 
nuisance,  may  be  destroyed  by  drilling  a  hole  about  a  foot  deep 
in  the  nest  with  a  stick  and  pouring  in  carbon  bisulphide  or  a 
solution  of  potassium  cyanide,  and  then  plugging  up  the  hole 
so  that  the  fumes  will  not  escape.  Dorylus  orientalis  is  another 
pest,  found  in  India,  Ceylon,  and  the  Malay  region  ;  the  workers 
burrow  in  the  ground  after  the  manner  of  Termites  and  attack 
the  roots  of  ground-nuts  and  various  Cruciferce.  The  vege- 
tarian habits  of  these  ants  is  in  marked  contrast  to  the  carni- 
vorous habits  of  the  other  Dorylince, 

Solenopsis  geminata  is  the  "Fire-ant  "  ;  originally  found  in 
the  warmer  parts  of  America,  it  has  now  been  introduced  into 
the  tropics  of  both  hemispheres.  The  sting  is  severe  and  the 
ant  does  not  hesitate  to  use  it.  These  ants  are  to  a  certain 
extent  harvesters,  but  they  also  subsist  on  animal  matter. 
Often  a  serious  nidsance  in  America,  the  fire-ant  can  be 
controlled  by  pouring  carbon  bisulphide  or  a  solution  of 
potassium  cyanide  into  the  nest.  In  India  Solenopsis  has 
been  introduced  into  warehouses  to  check  the  ravages  of 
Termites. 

Among  the  household  pests,  Monomorium  pharaonis 
(Myrmicince)  is  one  of  the  most  important ;  it  is  a  small 
reddish  ant,  and  when  it  occurs  in  large  numbers  is  an  intoler- 
able nuisance.  The  insects  form  their  nests  in  some  sheltered 
recess  behind  waUs  or  under  floors,  and  wander  aU  over  the 
house  searching  for  food. 
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BostrycMdse,  168 
Brachycera,  430 
Brachydeutera,  449 
Brachytrypes,  75,  76 
Brachartona,  380 
Brachytarsus,  202 
Braconidae,  496 
Brahmaeidae,  367 
Brassolinae,  341,  343 
Braulidad,  464 
Brenthidaa,  201 
Brontes,  142 
BrucUdce,  193 
Bruchophagus,  492 
Bucentes,  459 
Buprestidse,  171 
Buprestis,  173 
Byrrhidae,  153 
Byturidae,  139 
Byturus,  140 

Caelaenomenodera,  197 
Caenis,  27 

Calamoceratidae,  314 
Calobata,  441 
Calocorifi,  252 
Caloptenus,  59 
Calopterygidae,  32 
Calopterjrx,  I 
Callaphis,  275 
CallidulidaB,  380 
CaUimomidae,  491 
Calliphora,  455 
Callirhipis,  161 


Calyptratae,  452 
Campodea,  7,  8 
Campodeidae,  8 
Camponotinae,  525 
Campsurus,  24,  26 
Camptosomes,  195 
CantharidsB,  162 
CantkaridcB,  188 
Cantharis,  163 
Capitomdse,  496 
Capniidae,  23 
Caprinia,  386 
Capsidae,  251 
Capua,  391 
Carabidae,  120 
Caradriua,  354 
Carausias,  51 
Carpocapsa,  390 
Carpomyia,  443 
Carpophilus,  141 
Cassida,  197 
Cassidinae,  196 
Castniidae,  336,  378 
Catochrysops,  345 
Catoprochotidae,  144 
Catoxantha,  173 
Cebrioninae,  174 
Cecidomyia,  425 
Cecidomyiidae,  423 
Celonites,  513 
Celyphidae,  450 
Cephida©,  480 
Cephus,  481,  482 
Cerambycidae,  197 
Ceraphronidae,  489,  490 
Cerataphis,  275 
Ceratina,  519 
Ceratinidae,  516 
Ceratitis,  443,  445 
Ceratoeampidse,  367 
Ceratocombidse,  248 
Ceratophyllus,  469 
Ceratopogoninae,  421 
Ceratopsyllidae,  470 
Cerceris,  515 
Cerceridae,  514 
Cercopidae,  261 
Cerococoufl,  287 
Cerophytinae,  174 
Ceroplastes,  286,  287 
Ceroplatus,  425 
Cerura,  361 
Cetonia,  215 
Cetoniini,  216 
Ceutorhynchus,  206 
Chalcididae,  491 
Chalcidoidea,  491 
Ohaetocnema,  197 
Chaetopsis,  442 
Chalcodennus,  206 
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Chalcosiinse,  319 
Chalicodoma,  519 
Chapra,  347 
Charseas,  351,  352 
Chaiiliodes,  291 
Cheimatobia,  363 
Chelisoches,  107 
Chermes,  276 
Chermidoe,  264 
Chilo,  384,  385 
Chilomenes,  152 
Chironomidae,  421 
Chironomus,  422 
Chirotonetes,  26 
ChlamydinsB,  196 
Chlorochroa,  238 
Chloridea,  353 
Chlorita,  263 
Chloroperla,  I 
Chloropisca,  447 
Chlorops,  447 
Chortophila,  453 
Chrotogonus,  55 
ChrysidaB,  500 
Chrysidoidea,  500 
Chrysis,  501 
Chrysobothris,  173 
Chrysomelidse,  194 
Chrysomyia,  454,  455 
Chrysopa,  III 
Chrysopidse,  304 

Chrysops,  432 

Chrysopolomidae,  375 

Cicada,  267,  258 

Cicadidse,  257 

Cicadula,  263 

Cicindela,  119 

CicindelidaB,  119 

Cimex,  249 

Oimicid^,  249 

Cioidse,  171 

Cistelida,  180 

ClambidsB,  131 

Clavicomia,  137 

Cleonus,  206 

CleridsB,  165 

Gidogastra,  451 

Clivina,  121 

Cloeon,  I,  25 

Clothilla,  96,  97 

Clytus,  201 

Clytrinse,  195 

Cnethocampa,  360 

Coccidae,  279 

Coccinellidse,  150 

Coccus,  287 

CochKdidce,  376 

Coeliodes,  206 

Coelioxys,  519 

CompsUiira,  460 


Colaspidema,  197 

Colaspis,  196,  197 

Coleoptera,  111 

Collembola,  14 

CoUetes,  518 

CoUetidse,  516 

CoUyris,  120 

Colobathristidce,  240 

Colpocephalum,  99,  102 

Colydiidae,  148 

Conotrachelus,  206 

Conchaspis,  287 

Conchy  lis,  391 

Coniopterygidse,  299- 

Conopalpus,  184 

Conopidse,  440 

Conops,  411 

Conorhinus,  247 

Contarinia,  424,  425 

Conwentzia,  III,  300 

Coptops,  201 

Coptotermes,  86 

Cordulines,  30 

Cordylobia,  454 

CcrdyluridsB,  451 

Coreidae,  238 

Corixa,  256 

Corixidas,  256 

Corrodentia,  33,  81,  95 

Corydalis,  291 

Corylophidae,  133 

Cosmophila,  353 
CossidsB,  336,  372 
Cossus,  373 
Crabro,  515 
Crabronid83,  514 
Cramhidce,  384 
Crambinae,  384 
Craponius,  206 
Crepidodera,  197 
CriocerinaB,  194 
Crioceris,  197 
Groce,  97,  310 
Cryphalus,  208 
Crypsithyris,  395 
Cryptinas,  495 
Cryptocephalus,  195 
Cryptocerata,  252 
Cryptochaetum,  446 
Cryptophagidae,  144 
Cryptorrhynchus,  206 
Cryptostomes,  196 
Ctenocephalus,  469 
Ctenolepisma,  13 
Cucujidae,  141 
Culex,  407,  419 
Culicidae,  418 
Cupedidae,  126 
Curculionidae,  203 
Cursoria^  38 


Cyathoceridae,  155 
Cyclica,  195 
Cyclopedia,  463 
Cyclorrapha,  398,  438 
Cydia,  337,  390 
Cylas,  206 
Cylindrodes,  73 
Cylindrotomini,  415 
Cymatophoridae,  359 
Cynipidae,  486 
Cynipoidea,  486 
Cynips,  488 
CyphonidcB,  159 
Cyphoderes,  19 
Cyrtidae,  433 

Dactylopius,  287 
Daciis,  443,  444 
Dalceridse,  377 
Danainae,  343 
Dascillidae,  159 
Dascjrrtocara,  216 
Dasychira,  355 
Dasyllis,  435 
Dasyneura,  425 
Delphax,  260 
Deltocephalus,  263 
Beraiaptera,  103 
Dermatobia,  454 
Dermatophyllus,  468 
Dermestes,  153 
Dermestidae,  152 
Derodontidae,  146 
Desiantha,  206 
Deuterophlebiidae,  429 
Dexiidae,  460 
Diabrotica,  197 
Diapriidae,  489,  490 
Diastrophus,  488 
Diatroea,  384,  385 
Dicerca,  173 
Dichocrocis,  386 
Dictanoin5da,  416 
Dilaridae,  298 
Dioninae,  343 
DiopsidaB,  461 
Diparopsis,  353 
Diphucephala,  197 
Diploptera,  602 
Diploschema,  200 
Diplosis,  425 
Diptera,  397 
Discophorinse,  343 
Displunctus,  252 
Ditoma,  148 
Dixidae,  418 
Docophorus,  102 
DolichoderinsB,  525 
Dolichopodidae,  437 
Dolycoris,  238 
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Donaciinae,  194 
Donaconethis,  33 
Dorylinse,  525 
Dorylus,  529 
Drepanepteryx,  297 
Drepanidae,  381 
DrepanuUdcB,  381 
Drilinae,  163 
Drosicha,  287 
Drosophilidae,  448 
Dryinidae,  503 
Dryopidse,  156 
Diifoureidaa,  516 
Dynastini,  214 
Dyscritina,  104 
Dysdercus,  241 
Dytiscidse,  123 
Dytiscus,  123 

Earias,  337,  353 
Echidnophaga,  470 
Echinophthiriidae,  230 
Eciton,  525,  526 
Ectobius,  44 
Elachertidse,  491 
Elaphidion,  200 
Elasmidae,  491 
Elater,  173 
Elateridae,  173 
Elenchus,  218 
Eleodes,  178 
ElmidcBy  156 
Embiidae,  33 
Embiomyia,  459 
Embioptera,  33 
Emenadia,  188 
Emphoridae,  516 
Empidse,  436 
Empoasca,  263 
Encyrtidae,  491 
Endaphis,  424 
Endomychidae,  149 
Endomychus,  149 
Endopsylla,  424 
EndromidaB,  374 
Eneopterinae,  80 
Ennomos,  364 
Entedontidae,  491 
Entomobryidsa,  18 
Eosentomidae,  5 
Epepeotes,  201 
Ephemera,  26 
Ejphemerida,  24 
Ephemeroptera,  24 
Ephestia,  337,  384 
Ephippiger,  71 
Ephydridae,  449 
JEpiblemidcB,  368 
Epicatita,  189 
EpicopeiidoB,  368,  369 


Epilachninae,  150 

Epinotia,  390 

Epiophlebia,  31 

Epiophlebiidae,  31 

Epitrix,  196 

Erastiinae,  353 

Eremiaphila,  46 

Eriococcus,  287 

Eriocrania,  396 

Eriosoma,  270 

Eriosomatinae,  275 

Eristalis,  440 

Erotylidae,  143 

Erycinidse,  345 

Eublemma,  351,  352 

Eucelis,  390 

Euceridae,  516 

Eucharidae,  491 

Eucleidce,  376 

Eucneminae,  174 
Eudemis,  390 
Eudesmus,  200 
Eugaster,  67 
Eulecanium,  287 
Eulophidae,  491 
Eumenes,  509 
Eumenidas,  509 
Euoxysoma,  492 
Eupelmidae,  491 
Euphyllura,  268 
Euplexoptera,  103 
Eupodes,  194 
Euproctis,  356 
Eupterotidae,  359 
Eupteryx,  263 
Euroleon,  IV 
Eurydema,  238 
Eurymetopus,  102 
Eurytomidae,  491,  492 
Euschemonidaa,  379 
Eustheniidae,  23 
Eutermes,  82,  89 
Eutettix,  263 
Eutrichocampa,  9 
Euxoa,  336 
EvaUjapyx,  11 
Evaniidae,  498 
Exelastis,  388 
Exophthalmus,  206 


Fannia,  452 
Fidia,  196 
Figitinae,  488 
Foenus,  498 
Forda,  275 
Forficula,  104 
Forficulidae,  103 
Formica,  527 
Formicidae,  523 


Formicoidea,  523 
Fulgoridae,  259 

Galeriadce,  384 
Galeriinae,  384 
Galerucella,  196 
Galerucini,  196 
QalgulidcBj  252 
Gasteruption,  498 
Gastropacha,  373 
Gastrophilus,  461 
Gelechia,  337,  393 
Oelechiadce,  393 
Gelechiinae,  393 
Geometridae,  362 
Georyssidae,  155 
Geotrupes,  213 
Gerris,  244 
Ghilianella,  247 
Glenea,  200 
Glossina,  405 
Glossininae,  457 
Glyphodes,  386 
Gnorimoschema,  393 
Gnostidae,  129 
Gongylus,  49 
Gossyparia,  287 
Gryllidse,  39,  72 
Gryllinae,  78 
Grylloblatta,  72 
Grylloblattidae,  38,  39, 
Gryllotalpa,  77 
Gryllotalpinae,  77 
Gryllus,  73,  75 
Guerinia,  287 
Gymnocerata,  237 
Gyrinidae,  124 
Gyropidae,  102 
Gyropus,  102 

Haematobia,  456 
Haematomyzidaa,  229 
Haematomyzus,  229 
Hsematopinidae,  230 
Hadena,  364 
Hadeninae,  352,  354 
Halictidae,  516 
Halictophagus,  218 
Halictus,  517 
Haliplidae,  122 
Halobates,  244 
Halticinae,  195 
Haltica,  197 
HarmoUta,  493 
Harpalus,  121 
Harpax,  46 
Hebridae,  243 
Hebrus,  243 
Helicoconis,  300 
Heliconiinae,  343 
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HeliotMs,  353 
Heliothrips,  224 
Helodidse,  160 
Helomyzidse,  450 
Heloridse,  490 
Helopeltis,  252 
Helophorus,  158 
Helops,  277 
Helotidse,  139 
Hemerobiidae,  296 
HemimeridsB,  38,  109 
Hemimerus,  109 
Hemiptera,  232 
Henicocephalidse,  245 
Hepialidae,  395 
Hepialus,  396 
Herse,  358 
Hesperia,  347 
Hesperiidse,  346 
Heterocera,  337,  347 
Heteroceridse,  158 
Heterocordylus,  252 
Heterodoxus,  102 
Heterogamia,  43 
HeierogeneidcBy  376 
Heterogynay  523 
Heterogynidse,  370 
Heteromera,  176 
Heteromuricus,  19 
Heteroneuridse,  449 
Heteronychus,  215 
Heteroptera,  237 
Heterusia,  380 
Hierodula,  46 
Hieroglyphiis,  58 
Hippoboscidse,  462 
Hispa,  197 
Hispinae,  196 
Histeridse,  135 
Holaniaria,  178 
Homoptera,  256 
Hoplocampa,  485 
Hormaphidinse,  275 
Hyantinae,  343 
Hydrellia,  449 
Hydrobins,  158 
HydrocampinsB,  385 
Hydrometridse,  243 
HydrophilidsB,  157 
Hydropsychidse,  314 
Hydroptilidae,  314 
Hydroscaphidse,  133 
HygrobiidoB,  122 
Hylastes,  208 
Hylemyia,  453 
Hylesinus,  208 
Hylobius,  203 
Hyloeidse,  516 
Hylojphilidce,  191 
Hymenoptera,  471 


Hypatima,  394 
Hypera,  206 
Hyperetes,  96 
Hypoborus,  208 
Hypoderma,  461 
Hypsa,  357 
Hypsidse,  356 

Ibaliinge,  488 
Icerya,  287 
Ichneumonidse,  494 
Ichneumoninse,  495 
Ichneumonoidea,  493 
Idiocerus,  263 
Ipidce,  206 
Insequipalpia,  314 
Inesida,  201 
Inocellia,  292 
Iridomyrmex,  527,  528 
Ischnocera,  101 
Isoscelipteron,  304 
Isoptera,  81 
Isosoma,  492,  493 
Isotoma,  16,  18,  19 
Ithomiinae,  343 
Ithone,  II,  III 
Ithonid86,  295 

Japygida3,  10 
Japyx,  10 
Jassidse,  263 
Jassus,  263 

Kermes,  287 
Kakothrips,  224 

Labia,  105,  107 
Labidoe,  247 
Labidura,  106 
Lachnosterna,  215 
Lachnus,  275 
LagoidoB,  376 
LagriidfiB,  178 
Lamellicomia,  209 
Lamia,  198 
Lamiidse,  200 
Lamprosominse,  196 
Lampyrinse,  162 
Langelandia,  148 
Languria,  143,  144 
Laphria,  435 
Lapromyia,  431 
Lariidae,  193 
Larridse,  514 
LasiocampidsB,  373 
Lasioderma,  168 
Lasioptera,  425 
Lasius,  527 
Laspe3rresia,  390 


Lathridiidse,  146 
Latumcephalum,  102 
Lecanium,  287 
Lemoniidce,  345 
Lepidocampa,  9 
Lepidoptera,  321 
Lepidosaphes,   281,  283, 

284,  285 
Lepisma,  7,  13 
LepismidsB,  12 
LeptidsB,  430 
Leptinidae,  132 
Leptinotarsa,  196 
Leptispa,  197 
Leptobyrsa,  242 
Leptoceridss,  314 
Leptogaster,  435 
Leptoglossus,  239 
Leptoperlidae,  23 
Laptops,  206 
Leptostylus,  200 
Lestes,  29 
Lestidae,  32 
Leto,  395 

Leucania,  336,  352 
Leucops,  446 
Leucospidae,  491 
Libellulid»,  31 
Libellulines,  30 
Libytheinae,  346 
Ligynis,  215 
Limacodidae,  376 
Limnophilidae,  314 
Limnophilus,  316,  317 
Limonius,  176 
Llotheidae,  102 
LiparidoB,  354 
Lipeurus,  102 
Lipoptera,  99 
Lipxira,  17,  18 
Lissorhoptnis,  206 
Lita,  392 
Lithosiinse,  349 
IdthoaiidoBj  348 
Llxus,  206 
Llaveia,  287 
Lochmaea,  197 
LocustidsB,  39,  66 
Locustidce,  39,  64 
Lobita,  241 
Lomaspilis,  363 
Lonchopteridae,  438 
Loagitarsiis,  197 
Loph37rus,  486 
Lopophus,  54 
Lucanidae,  211 
Lucilia,  454,  455 
Lycaena,  345 
Lycaenidae,  344 
Lycinae,  162 
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Lyctidae,  169 
Lygaeidse,  240 
Lygus,  252 
LymantTia,  356 
Lymantriidae,  354 
Lymexylonidse,  166 
LyttidcB,  188 

Machilidae,  11 
Machilis,  12 
Macrodactylus,  215 
Macroglossa,  358 
Macropidae,  516 
Macrosiphxun,  270,  273, 
275 

Magdalis,  206 
Mahasena,  369 
Malachiinse,  164 
MalacodermidcB,  162 
Malacosoma,  374 
Mallophaga,  99 
Mallophora,  435 
Mansonia,  419 
Mantidae,  39,  45 
Mantis,  50 
Mantispa,  IV 
Mantispidae,  306 
Margarodes,  287 
Margarodinae,  287 
Maruca,  386 
Masaridse,  513 
Mayetiola,  423,  424 
Meconema,  68 
Mecoptera,  318 
Megachile,  519 
Megachilidae,  516 
Megalopygidae,  376 
Megaloptera,  289 
Megalothoracidce,  20 
Megalothorax,  20 
Megastigmus,  492 
Megistorhyncus,  433 
Melandryidae,  184 
Melanoplus,  63 
Melanotus,  175 
Melasoma,  197 
Melecta,  518 
MeKgethes,  141 
Melipona,  517 
Mellinidse,  514 
Mellintis,  515 
Meloidse,  188 
Melolontha,  113,  216 
Melolonthinae,  214 
Melophagus,  462 
Melyrids9,  164 
Membracidse,  260 
Menopon,  101,  102 
Merodon,  440 
Meromyza,  447 


Meropidae,  318 
Mesopsocus,  96 
Metsecus,  187 
Methoca,  506 
Methocidae,  505 
Miastor,  423 
Microcentmm,  69 
Microdon,  440 
Microgaster,  497 
Micropezidae,  441 
Micropterygidae,  396 
Miltogramma,  458 
Mindarinae,  275 
Miridae,  251 
Moecha,  200 
Molannidae,  314 
Monohammus,  200 
Monolepta,  197 
Monommidae,  180 
Monomorium,  529 
Monophlebulus,  287 
Monophlebus,  287 
Monotomidae,  142 
Monoxia,  197 
Mordellidae,  185 
Mordellistena,  186 
Morphinae,  336,  343 
Mxirgantia,  238 
Musca,  413,  454,  456 
Muscaridce,  461 
Muscina,  456 
MuscidsB,  453 
MutilHdae,  505 
Mycetophagidae,  147 
Mycetophilidae,  425 
Mydaea,  452 
Mydaidae,  434 
Mylabris,  189 
Mymaridae,  491,  492 
Myodochidce,  240 
Myrientomata,  3 
M3miiecophilmae,  78 
MyrmeleonidaB,  310 
Mynnica,  526 
MyrmiciiiflB,  625 
Myrmosidae,  605 
Myrmosa,  506 
Mytilaspia,  281,  283,  284^ 
285 

NTabis,  247 
Nacerdes,  183 
Nasonia,  492 
Kaucoridae,  254 
Naucoris,  254 
Necrobia,  166 
Necrophorus,  131 
NeelidaB,  20 
Neelus,  20 

IJ'ematus,  480,  484,  485 


Nemwhiidce,  345 
Nemestrinidae,  433 
Nemocera,  415 
Nemoptera,  IV,  310 
Nemopteridae,  309 
Nemosoma,  138 
Nemotiridae,  23 
Neocastniidae,  378 
Nepa,  253 
Nepidae,  263 
ISTesiotinus,  102 
Neuroptera,  294 
Nezara,  238 
Nicoletia,  13 
Nilionidae,  181 
Nina,  310 
Niponiidae,  136 
Nirmus,  102 
Nitidulidae,  140 
Noctuidae,  336,  350 
Nolinae,  350 
Nomada,  518 
Nomadidae,  516 
Nomiidae,  516 
Nonagria,  353 
Nosodendridae,  154 
Nothochrysa,  306 
Notiothaumidae,  318 
Notodontidae,  360 
Notonecta,  255 
Notonectidae,  255 
Notoxus,  192 
Nycteribiidae,  463 
Nymphalidae,  341 
Nymphalinae,  343 
Nymphes,  IV,  308 
Nymphidae,  308 
Nymphula,  385 
Nyssia,  364 
Nyssonidae,  513 


Oberea,  201 
Ocypus,  128 
Odonata,  28 
Odontata,  197 
Odontoceridae,  314 
Odynerus,  509 
OEcanthinae,  78 
(Ecanthus,  74,  75,  76,  79 
(Ecophoridce,  394 
CEcophorinaB,  394 
CEcophylla,  527 
(EdemeridaB,  182 
CEstridae,  461 
Oinophila,  337,  394 
Olibrus,  145 
Oligarces,  423 
Oligotoma,  33 
Oligotomidse,  35 
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Oligotrophes,  425 
Omophlus,  178 
Oncognathus,  252 
Oncopeltus,  240 
Oniscigaster,  25 
Opatram,  177 
Ophideres,  331 
Ophion,  494 
Ophionidse,  495 
Orchesella,  19 
Orchesia,  184 
Orchestes,  206 
Orgyia,  3S5 
Omeodidse,  387 
Ornithoptera,  339,  340 
Orphnephilidse,  430 
OrtalidsB,  442 
Orthezia,  280,  287 
Orthocladius,  422 
Orthoptera,  36 
Orthorrapha,  398,  415 
Orthotylus,  252 
Oryctes,  117,  215 
Oryssidae,  483 
Ostomidse,  138 
Oscinella,  447 
Oscinis,  447 
Oscinidss,  446 
Osmia,  519 
Osmylidse,  303 
Osmylus,  III 
Osphya,  184 
Othniidae,  179 
Otiorhynchus,  206 
Ourapteryx,  363 
Oxybelidse,  514 
Oxycarseniis,  240 
Oxyura,  488 

Pachnaeus,  206 
Pachnephoms,  197 
Pachycrepls,  492 
Pachyrhina,  416 
Pachytylus,  62,  65 
Palaeococcus,  287 
Palseotropinaa,  343 
Paleacrita,  364 
Palingenia,  26 
Palustra,  360 
Pangonia,  432 
Panorpa,  H 
Panorpidse,  318 
Panurgidae,  516 
Papilio,  339,  340 
Papiliomdae,  339 
PapiriuB,  19,  20 
Parajapyx,  11 
Paranmroptera,  28 
Parasa,  377 
Parasemidalis,  300 


Parasitica,  478 
Pamassius,  340 
Pamara,  347 
Pamidas,  156 
Passalidae,  209 
Paussidfie,  125 
Pectenophora,  393 
Pedicinae,  230 
Pediculidae,  230 
Pediculinae,  230 
PediculTis,  227,  229,  230 
Pedilidos,  191 
Pegomyia,  453 
Pelecinidae,  488,  490 
Pelecinus,  490 
Pelobiidse,  122 
Pelobius,  122 
Pelogonidae,  252 
Pempheres,  206 
Pemphredon,  515 
PemphredonidaB,  514 
Pentatoma,  238 
Pentatomidse,  237 
Peregrinvis,  260 
Perilampidae,  491 
Periplaneta,  40,  45 
Peritelus,  206 
Perkinsiella,  107,  260 
Perla,  22 
PerlaHa,  21,  289 
Perlidae,  23 
Perlodides,  23 
Perophora,  376 
Perophorida©,  376 
Perothopinae,  174 
Perrisia,  424 
Petalurinae,  29 
Petiolata,  478 
Petriidae,  181 
Pezoina>chus,  495 
Phsedon,  195,  196 
Phaenocephalidse,  134 
Phalacridae,  145 
Pharsaliinae,  495 
Phasgonura,  71 
PhasgonuridcB,  39,  66 
Phasmidae,  39,  51 
Phaudinae,  380 
Phenacoleachiinae,  287 
Philantliidae,  514 
Philanthus,  515 
Philopotamidae,  314 
Philopteridae,  102 
Phlebotomus,  417 
Phleothripidse,  225 
Ph]«otribus,  208 
Phorbia,  452 
Phoridae,  437 
Phorodon,  269 
Phryganea,  314,  315 


Phryganeidse,  314 
Phryneta,  201 
Phthirus,  228,  230 
Phthorimsea,  393 
PhycitidcB,  384 
PhycitinaB,  384 
Phyletinus,  206 
Phyllaphis,  275 
Phyllium,  51,  52,  53 
Phyllobius,  206 
Phyllodromia,  43,  44 
Phyllognathius,  215 
Phyllopertha,  215 
Phyllotreta,  197 
PhyUoxera,  270,  275 
Phylloxerinae,  275 
Phymatidae,  245 
Physapoda,  219 
Physopus,  224 
Phytalus,  215 
Phj^onomus,  206 
Phytophaga,  193 
Phytophthires,  256 
Pieridae,  340 
Pieris,  340,  341 

Pimplinae,  495 

Pionea,  383 

Piophila,  448 

Pipunculidae,  438 

Pipunoidus,  439 

Planipoimia,  294 

Platygaster,  489 

Platygastridae,  490 

Platypezidae,  438 

Platypidce,  206 

PlatypsylUdse,  137 

Platyptera,  21 

Platypus,  208 

Platyrrhinidae,  202 

Platystelea,  12 

Plea,  255 

Plecoptera,  21 

Plectoptera,  24 

Plesiocoris,  252 

Plusia,  354 

Plutellinae,  394 

PhadUdcB,  394 

Podops,  238 

Podura,  18 

Poecilooapsus,  252 

Polietes,  457 

Polistes,  511 

Polleaia,  465 

PoUinia,  287 

Polycentropidaa,  314 

Polycerata,  127 

Polychrosisi  390 

Polyctenes,  260 

Polyctenidae,  250 

Polymorpha,  127 
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PolyjplocidcBf  359 
Polyrhachis,  525 
Polystigmata,  225 
Polystoschotidae,  302 
Pompilidae,  607 
Ponerinae,  525 
Prays,  394 
Prionus,  201 
Prisopus,  54 
Proctotrypidse,  488,  489 
Prodenia,  354 
Projapygidae,  9 
Projapyx,  9 
Promachus,  435 
Proscopides,  55 
Prosopis,  517,  518 
Prosopistoma,  26 
Protaptera,  5 
Protapteron,  5 
Proterhinidse,  209 
Protocalliphora,  454 
Protoparce,  358 
Protura,  3 
PsammocharidcB,  507 
Pselaphidse,  129 
Pseix,  515 
Psenidse,  513 
Pseph&nidce,  159 
Pseudococcus,  282 
Pseudocorylophidse,  134 
Pseudoneuroptera,  81 
Pseudosphinx,  358 
PsUidae,  441 
Psilodora,  487 
Psithyrus,  520 
Psocoptera,  95 
Psocus,  98 
PsychidsB,  369 
Psychoda,  417 
Psychodidae,  416 
PsychomyiidaB,  314 
Psychopsidse,  301 
Psychopsis,  III,  301 
Psylla,  265,  266,  267 
Psyllidse,  264 
Psylliodes,  196 
Psyllopa,  266,  268 
Pterochroza,  66 
Pterocroce,  310 
Pteromalidse,  491 
PterouarcidsB,  23 
Pterophoridae,  387 
Pterostichus,  121 
Pterothysanidae,  354 
Pterygota,  21 
Ptinidae,  167 
Pulex,  465,  469 
Pulicidse,  468 
Pulvinaria,  287 
Pupipara,  462 


Pyralidae,  336,  337,  382 
Pyralididce,  386 
Pyralidina,  383 
Pyralinae,  386 
Pyralis,  387 
Pyrameis,  342 
Pyraustidce,  385,  386 
Pyraustinae,  386 
Pyrellia,  456 
Pyrgotinae,  442 
Pyrilla,  260 
Pyrochroidae,  189 
Pyrophorinae,  174 
Pyrrhocoridae,  241 
Pyrrhocoris,  241 
Pythidae,  183 

Kanatra,  253 
Raphidia,  II 
Baphidiidae,  292 
Ratardidae,  372 
Reduviidae,  246 
Rhagoletis,  443,  444 
Rhipiceridae,  161 
Rhipiphoridae,  186 
Rhizopertha,  169 
Rhodites,  487 
Rhogas,  498 
Rhopsea,  215 
Rhopalocera,  325, 
338 

Rhopalogastor,  435 
Rhopalomeridae,  445 
Rhopalosiphum,  275 
Miodinidce,  345 
Ripersia,  287 
Rhyacophilidae,  314 
Rhynchites,  205 
Rhynchophora,  201 
Rhynchophorus,  206 
Rhynchota,  232 
Rhyphidas,  430 
Rhysodidae,  126 
Rhyssa,  482,  495 
Rutelini,  214 

Sagrinae,  194 
Saissetia,  287 
Salda,  248 
Saldidae,  247 
Saltatoria,  38 
Sandalus,  161 
Sanna,  67 
Sanninoidea,  389 
Saperda,  200 
Sapromyza,  411 
SapromyzidsB,  446 
Sapygidae,  505 
Sarcophaga,  458 
Sarcophagidae,  457 


Sarcopsyllidae,  468 
Sargus,  431 
Saturnia,  334 
Saturniidae,  364 
Satyrinae,  342,  344 
Scaphidiidae,  135 
Scapteriscus,  78 
Scaptomyza,  447 
ScarabaBidse,  213 
Scarabaeinae,  214 
Scatophaga,  404,  451 
Scelionidae,  489,  490 
Sceliphron,  514 
Scenopinidae,  435 
Schistocerca,  60,  63 
Schizodactylus,  66,  71 
Schizophora,  440 
Schizoneura,  270 
Schoenobimaa,  385 
Sciara,  425,  426 
Sciomyzidse,  450 
Scirpophaga,  385 
Scirtothrips,  224 
Scoliidae,  504 
Scolytidae,  206 
Scolytus,  208 
Scraptiidae,  185 
Scydmsenidae,  130 
Selenophorus,  264 
337,  Semasia,  390 
Semidalis,  300 
Sepsidae,  448 
Sericostomatidae,  314 
Serphidae,  489,  490 
Serphoidea,  488 
Serricornia,  159 
Sesamia,  353 
Sesia,  389 
Sesiidae,  388 
Sessiliventres,  478,  480 
Sialidae,  290 
Sialis,  II 

Signiphoridae,  491 
Silpha,  131 
Silphidae,  130 
Silvanus,  142 
Simuliidse,  427 
Sinodendridae,  212 
Sinoxylon,  169 
Siphanta,  260 
Siphonaptera,  465 
JSiphonophora,  270 
Siphonella,  447 
Siricidae,  482 
Sisyridse,  298 
Sitarifl,  117,  189 
Sitones,  206 
Sminthiiridae,  19 
Sminthurides,  20 
SmiuthTirinuSi  20 
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Sminthurus,  17,  20 
Solenopsis,  529 
Spalangidse,  491 
Spermophorella,  304 
Sphasriidae,  133 
Sphaeridiinse,  158 
Sphaeritidae,  138 
Sphaerocharinae,  196 
Sphecidae,  514 
Sphecoidea,  502,  513 
Sphenoptera,  173 
Sphenophorus,  206 
Sphindidae,  170 
Sphingidae,  357 
Sphyracephala,  451 
Spilosoma,  350 
Staphylinidae,  127 
Staphylinoidea,  127 
Stauropus,  361,  362 
Stegomyia,  419 
Steirastoma,  200 
Stelididae,  516 
Stelis,  519 
Stephanidae,  499 
Stephanitis,  242 
Stephanoderes,  208 
Stenopelmatus,  71 
Stigmodera,  173 
Stilbum,  501 
Stomoxys,  455,  456 
Stratiomyidae,  431 
Streblidae,  463 
Strepsiptera,  216 
Stromatium,  200 
Stylopidae,  216 
Stylops,  218 
Sylepta,  386 
Sympetrum,  29 
Symphypleona,  17,  19 
Synemon,  378 
Synteliid83,  137 
Syntomidae,  348 
Syrphidae,  439 
Syrphus,  408 
Systena,  197 

Tabanidae,  431 
Tabanus,  409,  410,  432 
Tachardia,  287 
TachinidaB,  468 
Tachycines,  70,  71 
Tachytes,  615 
Tfleniopteryx,  23 
Taniotes,  201 
TfiBniothrips,  220,  223 
Tan3nnaecus,  206 
Tanypezidae,  441 
Tanypinae,  422 
Telephoridoe,  162 
Teimxochilidae,  138 


Tenebrio,  177 

Tenebrioides,  138 

Tenebrionidae,  176 

Tenthredinidae,  483 

Tenthredinoidea,  480 

Tenthredo,  484,  485 

Terebrantia,  225 

Termes,  83 

Termitidce,  81 

Termitoxenia,  437 

Tetrastichidse,  491 

Tetriginae,  56 

Tettigonia,  264 

TettigoniidcB,  66 

Tettix,  60 

Thais,  339 

Thea,  151 

Therevidae,  435 

Thermo  bia,  13 

Thorictidae,  145 

Thorybes,  346 

Thripidae,  225 

Thripoctenus,  224 

Thrips,  224 

Throscidae,  175 

Thyatiridoe,  359 

Thynnidae,  507 

Thyrididae,  382 

Thyrsophorus,  95 

Thysanoptera,  219 

Thysanura,  6 

Tineidce,  394 

Tineidae,  337,  391 

Tineina,  392 

Tineinae,  394 

Tineola,  394 

Tingidae,  242 

Tingis,  242 
Tiphia,  504 
Tipula,  416 
Tipulidae,  415 
Tmetocera,  391 
Tomocerus,  18,  19 
TortricidsB,  336,  337,  389 
ToHricina,  389 
Trama,  270,  275 
Trichobaris,  206 
Trichodectes,  102 
Trichodectidaa,  102 
Trichodes,  165 
Triohogrammidae,  491 
TrichomatidcB,  303 
Trichophaga,  337,  394 
Tricophora,  262 
Trichoptera,  314 
Trichopterygidse,  132 
Trichostomes,  195 
Tricondylea,  120 
Trictenotomidae,  192 
Tridactylin»,  77 


Tridactylus,  77 
Tridymidae,  491 
Trigonalidae,  499 
Trigonidiinae,  80 
Triphleps,  223 
Tritoxa,  442 
Trixagidae,  175 
Trogoderma,  153 
Trogositidae,  138 
Trypetidae,  443 
Trypodendron,  208 
Trypoxylon,  515 
Trypoxylonidae,  514 
Tryxalis,  56 
Tubulifera,  225 
Tuhulifera,  500 
Typhlocyba,  264 

UlidiinsB,  442 
UlocerinaB,  201 
Uracanthus,  200 
UraniidaB,  368 
Urothripidae,  225 

Vanessa,  342,  343 
Vermileo,  431 
Vespa,  611,  512 
VespidsB,  610 
Vespoidea,  501 
Vipionidas,  496 
Virachola,  345 
Volucella,  440 

Walkeriana,  287 

Xenopsylla,  465,  469 
Xenos,  217,  218 
Xestobium,  168 
Xiphidium,  68 
Xiphydria,  482 
Xiphydriidae,  483 
Xyleboriis,  208 
Xylocopa,  520 
Xylooopidae,  616 
Xylocrius,  201 
Xylopertha,  169 
Xylophilidse,  190 
Xylofcrechiis,  200 
Xylotrupes,  215 

Zabrus,  121 
Zelotjrpia,  395 
Zephyrus,  344,  346 
i^Buzera,  373 
Zicrona,  237 
Zoraptera,  92 
Zorotypidas,  94 
Zorotypus,  93,  94 
Zygaenldae,  379 
Zygoptera,  29,  31 
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Alder-flies,  289,  290 
Ant-lions,  310 
Ants,  523 

Apple  Span  Worm,  364 
Apple  Sucker,  265 
Argentine  Ant,  527,  528 
Army  worms,  336,  352 
Assassin-flies,  434 

Bag  worms,  369 
Bark  Borers,  206 
Bed-bugs,  249 
Bees,  515 
Bird  Lice,  99 
Biting  Lice,  99 
Black  Arches,  356 
Blackbeetles,  39 
Black  onion-fly,  442 
Blow-flies,  455 
Bluebottles,  453 
Body  Louse,  230 
Bollworms,  336,  351,  353, 
393 

Book  Lice,  95 
Borers,  336,  353,  384 
Bot-flies,  461 
Breeze-flies,  431 
Bristletails,  11 
Brown  lace-wings,  296 
Brown  tail,  356 
Buffalo-gnats,  427 
Buff  Ermine,  350 
Bugs,  232 
Bumble-bees,  520 
Bumets,  379 
Burying  Beetles,  130 

Cabbage-root  fly,  45 
Cabbage  White,  340 
Caddis-flies,  314 
Canker  Worms,  364 
Carpenter-bees,  620 
Carrot-fly,  441 


Case  weavers,  369 
Celery-fly,  443 
Cellar  Beetle,  177 
Cheese -hoppers,  448 
Chigoes,  468 
Clegs,  431 
Click  Beetles,  173 
Clothes  moth,  337,  394 
Clouded  Border,  363 
auster  fly,  455 
Cochineal,  286 
Cockroaches,  39 
Codlin  Moth,  337,  390 
Colorado  Beetle,  195 
Congo  floor  maggot,  454 
Cotton-stainers,  241 
Crab  Lo\ise,  230 
Crane-flies,  416 
Crickets,  72 
Cuckoo-spit,  261 
Cutworms,  336,  352 

Daddy-long-legs,  415 
Death  Watches,  95 
Demoiselles,  31 
Diamond  Back  moth,  394 
Digger-wasps,   504,  507, 
513 

Dragonflies,  28 
Drinker  Moth,  356 

Earwigs,  103 

European    Com  Borer, 

386 
Eye-fly,  447 

Fig-insect,  493 
Fire-brat,  13 
Fire-flies,  174 
Flea-beetles,  196 
Fleas,  465,  468 
Flesh-flies,  457 
Flies,  397 

Flour  moth,  337,  384 
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Fluted  Scale,  286 
Footmen,  349 
Forest-fly,  462 
Fringewings,  219 
Frit-fly,  447 
Froghoppers,  261 
Frog-spit,  261 
Fruit  borers,  337,  390 
Fruit  flies,  443 
Fungus-gnats,  425 

Gad-flies,  431 
Gall  gnats,  423 
Gall  wasps,  486 
Gipsy  moth,  356 
Gnats,  418 
Goat  moth,  372 
Golden  Eyes,  304 
Gout-fly,  447 
Grass  moths,  384 
Greenbottles,  463 
Greenfly,  268 
Grasshoppers,  54 
Green  Grasshoppers,  66 
Green  lace -wings,  304 

Hawk  moths,  367 
Head  Louse,  230 
Hessian  fly,  423,  424 
Hive -bees,  520 
Honey-bees,  620 
Hook-tips,  381 
Hornet,  512 
Horse-flies,  431 
Horse-stingers,  28 
House-fly,  453,  454 
Hover-flies,  439 
Humming   Bird  moths, 
357,  358 

Ichneumon  flies,  494 ' 

Jerusalem  Cricket,  71 
Jiggers,  468 
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:^pers,  448 

^Ping  Plant.lice,  264 

■fcydid,  68,  69 
n-tish  Glory,  374 

3,  286 

3 e> wings,  294 
3e-wing  Bugs,  242 
okey,  374 
dybirds,  150 
a^f -curling  midge,  424 
3tf -cutting  bees,  519 
a»f -footed  Bugs,  238 
Bbf  hoppers,  263 
a^f  Insects,  51 
Bbther -jacket,  415 
pidoptera,  colours  of, 
^29 

pidoptera,  larvae  of, 
323 

sser  House-fly,  452 
3e,  226 

tester  moth,  361 
cast,  39,  54 
xigicoms,  197 
nghorn  Grasshoppers, 
e>5,  66 
-opera,  363 

i*son-bees,  519 
i/yflies,  24 
3€il  worm,  177 
5€tlybug8,  279 
2»a-ly  Wings,  276 
^diterranean  fruit-fly, 
443,  445 
Lciges,  421 
>le  Cricket,  77 
3squitos,  418 
3th-fiies,  416 
otih.  lace- wings,  29 
Lid -wasps,  509 
uiflk  Beetle,  199 

iiion-fly,  452 
ra-nge  Tip,  341 


Owlet-moths,  350 
Owl-midges,  416 

Peach  Scale,  286 
Pill  Beetles,  153 
Pink  Bollworm,  393 
Plant-lice,  268 
Plume  moths,  387 
Praying  Mantises,  45 
Prominents,  360 
Pubic  Louse,  230 
Pulse  Beetles,  193 
Puss  Moth,  361 

Rat-tailed  maggot,  440 
Red  Ant,  527 
Red  Slug  caterpillars,  380 
Rice  Case  Worm,  385 
Robber-flies,  434 
Rove  Beetles,  127 
Ruby -wasps,  500 

Sand  Cricket,  71 
Sand-flies,  416 
San  Jos6  Scale,  286 
Saw-flies,  483 
Scale  Insects,  279 
Screw-worm  fly,  454 
Sheep-ked,  462 
Sheep-maggot  fly,  455 
Sheep-tick,  462 
Shield  Bugs,  237 
Shorthorn  Grasshoppers, 
55 

Signal-flies,  442 
Silk,  331 

Silk,  Chinese  Tussar,  335 
Silk,  Eri,  331,  334 
Silk,  Muga,  331,  335 
SUk,  Mulberry,  331,  332, 
367 

Silk,  Shantung,  332,  335 
Silk,   Tussar,   331,  334, 

366 
Silver-fish,  13 
Skippers,  346 


Snake-flies,  289 
Soothsayers,  45 
Span-worms,  363 
Squeaker,  122 
Stag-beetle,  212 
Stem  Saw-flies,  480 
Stick  Insects,  51 
Stink-flies,  304 
Sucking  Lice,  226 
Sulphurs,  340 
Surface  Caterpillars,  336, 

351,  362 
Swallowtails,  339 
Swifts,  395 

Tent  caterpillars,  374 
Termites,  81 
Thorn  Insects,  260 
Thrips,  219 
Tiger-beetles,  119 
Tiger  Moths,  349 
Tsetse  flies,  456 
Tussock  moths,  354 

Vapourer  moth,  355 

Warble-flies,  461 
Wasps,  510 
Waterscorpion,  253 
Weevils,  203 
Western  Cricket,  71 
Western  Grain  Saw-fly, 
481 

Wheat  bulb  fly,  453 
Wheat  joint  worm,  492 
Wheat  midge,  425 
Whirligigs,  124 
Whites,  340 
White  Ants,  81 
White  My,  276 
Wild  silk  moths,  364 
Window-flies,  435 
Wire -worms,  174 
Wood  Ant,  527 
Wood-borers,  482 
Wood-wasps,  482 


